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Reviewer A 
Curriculum Vitae 

. .  January 2002 

<Affiliation, Addresses, Telephone Numbers and E-mail Addresses Removed> 

PERSONAL 
Birth date: June 4, 1946 
Married, two children 
U.S. Citizen 

EDUCATION 
Ph.D., University of lilinoig, Chicago, 1972 (Mathematics) 
Supplemental Coursework, University of Chicago, 1977-79 (Statistics) 
M.A., University of Illinois, Chicago, 1968 (Mathematics) 
A.B., Shirner College, 1966 (Mathematics and Physics) 

HONORS 
National Merit Scholarship, 1964-66. 
Graduated "With Distinction" from Shirner College, 1966. 
National Science Foundation Graduate Fellowship, 1968-71. 
Fellow of the Royal Statistical Society, 1979. 
Youden Prize, Chemical Division, American Society for Quality Control, 1982. 
Award for Interlaboratory Testing, American Statistical Association, 1985. 
Shewell Award. Chemical and Process industries Division, American Society for Quality Control, 

Fellow of the American Statistical Association, 1995. 
Statistics in Chemistry Award, American Statistical Association, 1997. 
Elected to Membership in the International Statistical institute, 1997. 
Distinguished Service Award, Division of Molecular Orthopaedics, University of Pennsylvania, 

1987. 

2000. 

EM PLOY M ENT 
Professor, <Affiliation Removed>, Davis, 20O&present, Vice-Chair, 2001 -present. 
Professor, <Affiliation Removed> , 1997-present; Acting Director of Biostatistics 1997-2000. 
Co-Director, <Affiliation Removed>, 1996-present. 
Director, <Affiliation Removed>, 2001 -present. 
Professor Graduate School of Management, UC Davis, 1986-2000. Associate Professor, 1980- 

Director, Center for Statistics in Science and Technology, UC Davis, 1995-99. 
Academic Visitor, Department of Mathematics, Imperial College, London, 1987-1 988. 
University Professor of Business Administration, Governors State University, 1974-80. 
Lecturer (visiting), Department of Mathematics, University of Illinois, Chicago, 1972-74. 
Scientific Computer Programmer, Argonne National Laboratory, Summers 1965-69. 

1986. 



COURSES TAUGHT 
Introductory Statistics 
Regression Analysis and Linear Models 
Experimental Design 
Time Series Analysis and Forecasting 
Boots trap Met hods 
Mathematical Physics 
Management Science 
Production and Operations Management 
Program Evaluation 
Quality and Productivity Improvement 
Technology Management 
Introduction to Computing 
Computer Architecture/Assembly Language 
Other Mathematics courses 

RECENT GRANTS AND CONTRACTS 
Air Force Office of Scientific Research, 2001-03, Center for Digital Security, PI with two Co-Pi’s. 
University of California Life Sciences Informatics Program and Surromed Inc., 20052002, 

Prediction, Classification, and Analysis of Highly Multivariate Biomedical Laboratory Data, 
(vi  t h cCo-a u t h o r>) . 

National Science Foundation, 1 998-02, Robust Multivariate Analysis and Outlier Identification in 
Massive Data Sets (with cCo-author>). 

National Institutes of Health, National institute of Environmental Health Sciences, 1988-2005, 
Statistical analysis of toxics measurement data. 

National Science Foundation, 1997-02, PI for UC Davis component of the National Partnership 
for Advanced Computing Infrastructure (Supercomputer) project centered at UCSD, 3 Co- 
PI’S at UC Davis. 

US Environmental Protection Agency, 1997-02, Statistical Methods and Computer 
Implementation for Precision Determination for Low Level Analytes. 

Natimai Aeronautics and Space Administration, 1998-01, Towards Real-Time Vector Field 
Visualization for Massive and Multi-Source Data using Hierarchies, Co-PI, Bernd Hamann 
PI. 

Lawrence Livermore National Laboratory, 1998-01, Hierarchical Methods for the 
Representation and Visualization of Terascaie Data Coupled with Data Mining and 
lmmersive Environments. Co-PI, Bernd Hamann PI. 

National Institutes of Health, National Cancer Institute, 1997-01, BPH: Molecular Biology of P53 
and BCL-2 Alterations, Statistician, Paul Gumerlock PI. 

National Institutes of Health, National Cancer Institute, 1998-01, Protein Interaction with the N- 
terminus of the Androgen Receptor, Statistician, Paul Gumerlock PI., 

National Institutes of Health, National Cancer Institute, 1998-01 , Functions of Different P53 
Mutations in Prostate Cancer, Statistician. 

National Science Foundation, 1998-99, Applications of Parallel Computing in Computer 
Science, Computer Engineering, and Analysis and Visualization of Massive Data Sets (CISE 
Equipment Grant). PI with two Co-PI’S. 

National Science Foundation, 1995-99, Center for Statistics in Science and Technology, Group 
Infrastructure Grant. Project director with 5 Co-PI’S and 6 Faculty Associates. 



MEMBERSHIP IN PROFESSIONAL SOCIETIES 
American Association for the Advancement of Science 
American Mathematical Society 
American Society for Quality Control 
American Statistical Association (Fellow) 
Association for Computing Machinery 
Bernoulli Society 
Biometric Society 
Institute of Mathematical Statistics . 

International Association for Statistical Computing 
International Society for Computational Biology (Treasurer 2002, Board of Directors 2002-2004) 
lnternational Statistical Institute 
Mathematical Association of America 
Royal Statistical Society (Fellow) 
Society for Industrial and Applied Mathematics 

E DIT0 R I AL W 0 R K 
Associate Editor, Journal of Business and Economic Statistics, 1986-1 995 
Associate Editor, Biometrics, 1997-2000 
Associate Editor, Metrika, 1998- 
Reviewer for: American Journal of Political Science, Annals of Statistics, Applied Statistics, 

A us Ira lia n Journal of Sta tis tics, Bioin forma tics, Biometrics, Biome trika, 81 T, Canadian 
Journal of Statistics, Communications in Statistics, Computational Statistics and Data, 
Analysis, International Studies Quarferly, Irwin, John Wiley, Journal of Applied Statistical 
Science, Journal of Computational Biology, Journal of Conflict Resolution, Journal of 
Immunological Methods, Journal of Forecasting, Journal of Multivariate Analysis, Journal of 
Nonparametric Statistics, Journal of Quality Technology, Journal of Statistical Computation 
and Simulation, Journal of Statistical Planning and Inference, Journal of the American 
Statistical Association, Journal of the Royal Statistical Society B, Nationd Science 
Foundation, Naval Research Logistics, SlAM Journal on Scientific and Statistical 
Computing. The Statistician, Technometrics, University of Michigan Press, West, World 
Politics. 

BOOKS 
1995 cCo-author> and Reviewer A. Optimal Imperfection? Domestic Uncertainty and 

Institutions in lnternational Relations, Princeton: Princeton University Press. 
1990 cCo-author> and Reviewer A, Tacit Bargaining, Arms Races, and Arms Control, Ann 

Arbor: University of Michigan Press. 

STATISTICAL THEORY AND METHODOLOGY 
2002 cCo-author> and Reviewer A, “Classification in High Dimension with Application to DNA 

Microarray Data,” submitted for publication. 
2002 Reviewer A and cCo-author>, “Multivariate Outlier Detection and Cluster Identification,” 

submitted for publication. 
2002 <Co-author> and Reviewer A, “Robust Distances,” submitted for publication. 
2002 Reviewer A and cCo-author>, “Sampling and Subsampling for Cluster Analysis in Data 

Mining, with Applications to Sky Survey Data,” submitted for publication. 
2002 <Co-author> and Reviewer A ”Multivariate Survival Analysis with Doubly Censored Data: 

Application to the Assessment of Accutane Treatment for Fibrodysplasia Ossificans 
Progressiva,” Statistics in Medicine, in press 

3 



2001 

2001 

1999 

1999 

1998 

1998 

1998 

1997 

1997 

1996 

1996 

1995 

1995 

1994 

1994 

1993 

1993 

1993 

1993 
1992 

1992 

Reviewer A and <Co-author> “Discussion of ‘Multivariate Outlier Detection and Robust 
Covariance Matrix Estimation,”’ Technometrics, 43, 300-303. 
<Co-author> and Reviewer A “Analyte Identification in Multivariate Calibration,” 
Biometrics, 57, 571-576. 
<:Go-author’s Name Removed, do-author>, Reviewer A, and <Co-author>, “Some 
CompuUational Issues in Cluster Analysis with No A Priori Metric,” Computational 
Statistics and Data Analysis, 31, 1-12. 
<Co-aulhor> and Reviewer A “Bootstrapping in Controlled Calibration Experiments,” 
Technometrics, 41,224-233. 
Reviewer A, “Constructive Statistics: Estimators, Algorithms, and Asymptotics,” 
Computing Science a/;d Statistics, 30, 3-1 4. 
Reviewer A, “A Perspective on Statistical Tools for Data Mining Applications,” 
Proceedings of the Second international Conference on Practical Application of 
Knowledge Discovery and Data Mining, 31 3-31 8. 
Reviewer A, “Laboratory Quality Control,” in Encyclopedia of Biostatistics, New York: 
John Wiley. 
Reviewer A and <Co-author>, “Optimal Design for ELISA and other forms of 
Immunoassay,” Technometrics, 39, 162-1 70. 
Reviewer A and 40-author>, “Robust Estimation of Multivariate Location and Shape,” 
Journal of Statistical Planning and Inference, 57, 245-255. 
Reviewer A and <Co-author>, “Identification of Outliers in Multivariate Data,” Journal of 
the American Statistical Association, 91, 1047-1 061. 
Reviewer A, “Robustness Properties of S-Estimators of Multivariate Location and Shape 
in High Dimension,” Annals of Statistics, 24, 1327-1 345. 
Reviewer A and <Co-author> “Prediction of Automotive Emissions from Gasoline 
Composition,” Proceedings of the 1994 Spring Research Conference on Statistics in 
lndustry and Technology, American Statistical Association. 
Reviewer A and <Co-author>, “A Two-Component Model for Measurement Error in 
Analytical Chemistry,” Technometrics, 37, 176-184. 
Reviewer A and <Co-author>, “Multivariate Outlier Detection,” in Proceedings of the 26th 
Symposium on the Interface: Computing Science and Statistics, 392-400. 
cCo-author> and Reviewer A, “Computable Robust Estimation of Multivariate Location 
and Shape using Compound Estimators,” Journal of the American Statistical 
Association, 89, 888-896. 
<Co-author> and Reviewer A, “Heuristic Search Algorithms for the Minimum Volume 
Ellipsoid,” Journal of Computational and Graphical Stafistics, 2, 69-95. 
Reviewer A, “Almost-Exact Parametric Bootstrap Calculation via the Saddle-Point 
Approximation,” Computational Statistics and Data Analysis, 15, 451460. 
Reviewer A and <Co-author>, “Computation of Robust Estimates of Multivariate 
Location and Shape,” Statistica Neerlandica, 47, 2742.  
Reviewer A, “On the Beta Transformation Family,” Technometrics, 35, 72-81. 
Reviewer A and CCo-authoD, “Computation of High-Breakdown Estimates of 
Multivariate Location and Shape,” Proceedings of the ASA Statistical Computing 
Section, 34-39. 
Reviewer A, “Fa  and Ra Charts: Robust Control Charts,” The Statistician, 41, 97-104. 

1992 Reviewer A, “Estimation of Variation after Outlier Rejection,” Computational Statistics 
and Data Analysis, 13, 9-20. 

1991 Reviewer A, ”Robustness and Balance in the Mixed Model,” Biometrics, 47, 303-309. 
1990 Reviewer A, “The Adjusted p-Chart and u-Chart for Varying Sample Sizes,” Journal of 

Quality Technology, 22, 206-209. 
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1990 

1989 
1989 

1987 

1986 

1986 
1986 

1984 
1983 

1983 

1983 

1983 

1982 

1982 

1981 

1980 

1975 

cCo-author> and Reviewer A, “On the Cumulants of Affine Equivariant Estimators in 
Elliptical Families,” Journal of Multivariate Analysis, 35, 203-222. 
Reviewer A, “Robust Control Charts,” Technometrics, 31, 173-1 84. 
Reviewer A, “Bootstrap Bartlett Adjustment for Seemingly Unrelated Regression,” 
Journal of the American Statistical Association, 84, 598-601. 
40-author>, Reviewer A, and cCo-author>, “Standard Errors for Elasticities: A 
Comparison of Bootstrap and Asymptotic Standard Errors,” Journal of Business and 
Economic Statistics, 5, 145-1 49. 
Reviewer A and cCo-author>, “The Scale Problem in Robust Regression M-Estimates,” 
Journal of Statistical Computation and Simulation, 1986, 24, 47-69. 
Reviewer A, “Outlier Resistance in Small Samples,” Biometrika, 73, 175-1 81. 
<Co-author> and Reviewer A, “Numerical Methods for Robust Regression: Linear 
Models,” SlAM Journal on Scientific and Statistical Computing, 7 ,  86-97. 
Reviewer A, “On Testing for Eioequivalence,” Bbmetrics, 40, 225-230. 
<Co-author> and Reviewer A, “Municipal Budget Forecasting with Multivariate ARMA 
Models,” Journal of Forecasting, 2, 377-387. 
<Co-author> and Reviewer A, “Designed Experiments for Classification Problems,” 
Journal of the Operational Research Society, 34, 1069-1 077. 
cCo-author>*and Reviewer A, “Multivariate ARlMA Models and Municipal Finance,” in 
Applied Time Series Analysis of Economic Data, ed. Arnold Zellner, Bureau of the 
Census. 
Reviewer A, “Robust Statisticai Analysis of Interlaboratory Studies,” Biometrika, 70, 421- 
431. 
Reviewer A, ’Inference for Response-Limited Time Series Models,” Communications in 
Statistics, A1 1, 2587-2596. 
Reviewer A, 40-author> and <Co-author> “Are Robust Estimators Really Necessary?” 
Technometrics. 24, 95-1 02. 
Reviewer A and 40-author>, ”Estimating the Variance of Estimators of Location: 
Influence, Curve, Jackknife and Bootstrap,” Communications in Statistics, 810,  221- 
248. 
Reviewer A and <Co-author>, “Time Series with Episodic Disruptions” in Analysing Time 
Series, ed. O.D. Anderson, New York: North-Holland. 
Revie::,er A, “p-Groups with Abelian Centralizers,” Proceedings of the London 
Mathematical Society, 3, 30, 55-75. 

MEDICINE. BIOLOGY. CHEMISTRY, ENVIRONMENTAL SCIENCE 
2002 

2002 

2002 

2002 

2002 

2002 

Reviewer A, cCo-author>, eCo-author>, and CCo-aufhoc-, “Modeling Uncertainty in 
Analytical Measurements for Analysis of Bioavailability,” submitted for publication. 
cCo-author>, cCo-author>, <Co-author>, and Reviewer A, “Analytical Methodologies for 
Metal Speciation,” submitted for publication. 
cCo-author> and Reviewer A, “Multi-Class Cancer Classification via Partial Least 
Squares with Gene Expression Profiles,” submitted for publication. 
<Co-author> and Reviewer A, “Partial Least Squares Proportional Hazard Regression 
for Application to DNA Microarray Data,” submitted for publication. 
<Co-author>, Reviewer A, cCo-author>, and cCo-author>, ”Application to Environmental 
Monitoring of a Two-Component Model for Chemical Analytical Error,” submitted for 
publication. 
<Co-author> and Reviewer A, “Classification of Acute Leukemia Based on DNA 
Microarray Gene Expressions Using Partial Least Squares,” in Methods of Microarray 
Data Analysis, S.  M. Lin and K. F. Johnson, eds., Kluwer, in press. 
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2002 

2001 

2000 

2000 

2000 

1999 

1998 

1998 

1998 

1998 

1998 

1998 

1997 

1996 

1996 

1996 

1996 

<Co-author> and Reviewer A, “Tumor Classification by Partial Least Squares using 
Gene Expression Data,” Bioinformatics, in press. 
Reviewer A and cCo-authon, “A Model for Measurement Errors for Gene Expression 
Arrays,” Journal of Computational Biology, 8 ,  557-569. 
<Co-author> and Reviewer A, “A GIS-Based Approach to Spatial Allocation of Area 
Source Solvent Emissions,” Environmental Modelling and Software, 15, 293-302. 
<Co-author> and Reviewer A, “Modeling Spatial Variation in Area Source Emissions-A 
Poisson Regression Approach,” Journal of Agricultural, Biological and Environmental 

<Co-author>, cCo-author>, cCo-author>, Reviewer A, and <Co-author>, ”Smoking as a 
Risk Factor for Accident Death: A Meta-analysis of Cohort Studies,” Accident Analysis 
and Prevention, 32, 397-405. 
<Co-author>, <Co-author>, <Co-author>, and Reviewer A, “Smoking as a Risk Factor 
for Injury Death: A Meta-analysis of Cohort Studies,” Preventive Medicine, 27, 871-878. 
<Co-author>, <Co-author>, cCo-author>, Reviewer A, cCo-author>, and Sean S. 
Duffey, “Dietary Protein and Chlorogenic Acid Effect on Baculoviral Disease of Noctuid 
(lepidoptera: Noctuidae) Larvae,” Environmental Entomology, 27, 1264-1 272. 
<Co-aulhor>, 40-author>, 40-author>, Reviewer A, cCo-author>, and cCo-authob, 
“Effects of Plant Identity and Chemical Constituents on the Efficacy of a Baculovirus 
Against Heliothis Vjrescens,” Journal of Chemical Ecology, 24, 221-252. 
<Co-author>, <Co-author>, <Co-author>, <Co-author>, cCo-author>, cCo-author>, <Co- 
author>, Reviewer A, cCo-author>, and cCo-author>, “Urinary Basic Fibroblast Growth 
Factor: A Biochemical Marker for Preosseous Fibroproliferative Lesions in Patients Who 
Have Fibrodysplasia Ossificans Progressiva,” Clinical Orthopaedics and Related 
Research, 346,59-65 
<:Co-author>, Reviewer A, and <Co-author>, “Catastrophic Falls in Patients Who Have 
Fibrodysplasia Ossificans Progressiva,” Clinical Orthopaedics and Related Research, 

<Co-author>. Reviewer A, <Co-author>, <Co-author>, and cCo-author>, “Treatment of 
Patients Who Have Fibrodysplasia Ossificans Progressiva with 13-cis-Retinoic Acid 
(Isotretinoin),” Clinical Orthopaedics and Relafed Research, 346, 121-129. 
<Co-author>, 40-author>, cCo-author>, and Reviewer A., “Mechanism for Superior 
Subluxation of the Glenohumeral Joint in Patients Who Have Fibrodysplasia Ossificans 
Progressiva,“ Clinical Orthopaedics and Related Research, 346, 130-1 33. 
<Co-author>, <Co-author>. Reviewer A, and <Co-author>, “Immunoassay of Cross- 
Reacting Analytes,” in immunochemical Technology for Environmental Applications, D. 
S. Aga and E. M. Thurman, eds., ACS Symposium Series No. 657, 331-342, 
Washington. D.C.: American Chemical Society Publications. 
<Co-author>, <Co-author>, cCo-author>, and Reviewer A, “A Procedure for the 
Immunoanalysis of Samples Containing One or More Members of a Group of Cross- 
Reacting Analytes,” Analytica Chimica Acta, 336, 175-1 83. 
cCol-author>, cCo-author>, cCo-authors, <Co-author>, and Reviewer A, “On the 
Application of the Bootstrap to Calibration Experiments,“ Analytical Chemistw, 68, 763- 
770. 
cCo-author>, cCo-author>, <Co-author>, Reviewer A, and 40-author>, “An Approach 
to the Construction of an lmmunoarray for Differentiating and Quantitating Cross 
Reacting Analytes,” Analyfica Chimica Acta, 31 9, 291-303. 
<Co-author>, cCo-author>, <Co-author>, Reviewer A, <Co-author>, <Co-author>, and 
cCo-author,, “Severe Restriction in Jaw Movement Following Routine Injection of Local 
Anesthetic in Patients who have F ibrodysplasia Ossificans Progressiva,” Oral Surgery, 
Oral Medicine, Oral Pathology, Oral Radiology, and Endodontics, 81, 21-25. 

Sf~fiStiCS, 5, 7-21. 

346, 1 10-1 16. 
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1995 

1995 

1995 

1995 

1995 

1994 

1994 

1990 

40-author>, 40-author>, eCo-authoe, cCo-author>, and Reviewer A, “Sources of 
Experimental Variation in Calibration Curves for Enzyme-Linked lmmunosorbent Assay,” 
Analytica Chimica Acta, 313, 197-207. 
Reviewer A, “Optimal Design of Quantitative Immunoassay Protocols,” in New Frontiers 
in Agrochemical Immunoassay, David Kurtz, ed., Washington, DC: Association of Official 
Analytical Chemists, 251-259. 
40-aufhor>, <Co-author>, Reviewer A, <Co-author>, and cCo-author>, ”Permanent 
Heterotopic Ossification at the Injection Site Following Routine Diphtheria-Tetanus- 
Pertussis Immunizations in Children who have Fibrodysplasia Ossificans Progressiva,” 
Journal of Pediatrics, 126, 762-764. 
cCo-author>, <Co-author>, <Co-authoo, Reviewer A, and <Co-author>, “An 
lmmunoarray for the Simultaneous Determination of Multiple Triazine Herbicides,” 
Anaiytica Chimica Acta, 304, 339-352. 
<Co-author>, cCo-author>, 40-author>, <Co-author>. cCo-authon, <Co-authon, 40- 
author>, 40-author> and Reviewer A, “Predicting Ligand Binding to Proteins by Affinity 
Fingerprinting,’‘ Chemistry and Biology, 2, 107-1 18. 
<Co-author>, <Co-author>, <Co-author>, 40-author>, cCo-author>, 40-author>, and 
Reviewer A, “Extension of the Four-Parameter Logistic Model for ELISA to Multianalyte 
Analysis,” Journal of lmmunoiogical Methods, 177, 1-7. 
Reviewer A, <Co-author>, <Co-author>, cCo-author>, and 40-author>, “Age- and 
Joint-Specific Risk of Initial Heterotopic Ossification in Patients who have Fibrodysplasia 
Ossificans Progressiva,” Clinical Orthopaedics and Related Research, 301, 243-248. 
<Co-author>, Reviewer A, and <Co-author>, “Statistical Design of ELlSA Protocols,” 
Journal of lmmunological Methods, 132. 247-254. 

POLITICAL SCIENCE 
1998 

1996 

1994 

1986 

1985 

1984 

. 1982 
1980 

1980 

1979 

<Co-author>, Reviewer A, and <Co-author>, “Managing the Evolution of Multilateralism,” 
International Organization, 52, 397-41 9. 
<Co-author>. Reviewer A, and cCo-author>, “Is the Good News about Compliance 
Good News for Cooperation?” lnternational Organization, 50, 379-406, reprinted in 
lnternational Institutions Lisa A Martin and Beth A Simmons, eds., 2001, Cambridge:MIT 
Press. 
40-author> and Reviewer A, “Conflict, Agency, and Gambling for Resurrection: The 
Principal-Agent Problem Goes to War“ American Journal of Political Science, 38, 362- 
80. 
<Co-author> and Reviewer A, “Tacit Bargaining and Arms Control,” (1 987) World 

<Co-author>, Reviewer A, and <Co-author>, “Arms Races and Cooperation,” World 
Politics, 38, 1 18-1 46, reprinted in Cooperation under Anarchy, Princeton University 
Press. 
cCo-author> and Reviewer A, “Theories of Budgetary Decisionmaking and Revenue 
Decline,” Policy Sciences, 16, 329-347. 
cCo-author> and Reviewer A, “Ceteris Paribus Revisited,” Political Methodology, 43-54. 
cCo-author> and Reviewer A, “Complexity, Interaction and Policy Research,” Policy 
Sciences, 13, 281-295. 
cCo-author> and Reviewer A, “Bureaucracy and Juvenile Corrections,” in Determinants 
of Public Policy, Thomas Dye and Virginia Gray, eds., Lexington MA: Heath-Lexington. 
cCo-author> and Reviewer A, “Interpreting Heteroscedasticity,” American Journal of 
Political Science, 23, 81 6-828. 

POiiticS, 39, 297-325. 
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PATENTS 

2001 <Co-author> and Reviewer A, “Algorithm for Clustering Genes based on Microarray 
Data ,’! (pen d i n 9). 

2000 Reviewer A and <Co-author>, “A Method for Determining Measurement Error for Nucleic 
‘Acid Microarrays,” 601233,547 (pending) 

2000 Reviewer A and <Go-author>, “Analysis of Gene Expression from DNA Microarrays 
using Partial Least Squares,” 601233,546 (pending) 

BOOK REVIEWS 
Genetic Algorithms + Da:a Structures = Evolution Programs (29’ Edition), by Zbigniew 
. 
Directions in Robust Statistics and Diagnostics, Parts I and I/, edited by Werner Stahel and 

Robust Estimation and Testing, by Robert G. Staudte and Simon J. Sheather, International 

Mixture Models: lnference and Application to Clustering, by G. J. McLachlan and K. E. Basford, 

Analysis of Experiments with Missing Data, by Yadolah Dodge, Technometrics, 1987, 29, 116. 
Robust Inference. by M. L. Tiku, W. Y. Tan, N. Balakrishnan, Technometrics, 1987, 29, 495- 

Michalewicz, Journal of the American Statistical Association, 2000, 95, 347-348. 

Sanford Weisberg, Journal of the American Statistical Association, 1993, 88,710-71 1. 

Statistical institute Short Book Reviews, 1991, 11, 6. 

International Statistical Institute Short Book Reviews, 1988, 8, 26. 

496. 

INVITED P R E S E NTATlO NS 
2001 

2001 

200 1 

200 1 

2001 

2001 

200 1 

2001 

2001 

200 1 

2000 

Reviewer A, “Statistical Analysis of Gene Expression Data,” Invited Presentation, Chiron, 
Emeryville, CA, November. 
Reviewer A, “Modeling Uncertainty in Analytical Measurements for Analysis of 
61 oava i la bi li ty ,” Methodologies for Assessing Exposure to Metals: Speciation, 
Bioacessibility and Bioavailability in the Environment, Food and Feed, Scientific Group 
on Methodology for the Safety and Evaluation of Chemicals (SGOMSEC), 
Schmallenberg. Germany, October. 
Reviewer A, “Statistical Analysis of Gene Expression Data,” Invited Presentation, The 
Scripps Research Institute, San Diego. 
Reviewer A and <Co-author>, “Variance Functions, Transformations, and the Integrity of 
Statistical lnference with Biological Data,” Invited Presentation, SurroMed, Inc., August. 
Reviewer A, “Robust Multivariate Analysis and Outlier Detection,” Invited Presentation, 
Society for lndusfrial and Applied Mathematics Annual Meeting, San Diego, July. 
Reviewer A, “Statistical Analysis of Gene Expression Data,” Invited Presentation, 
University of California, San Diego, June. 
Reviewer A, “Statistical Analysis of Gene Expression Data,” Invited Presentation, 
Michigan State University, May. 
Reviewer A, “Statistical Analysis of Gene Expression Microarray Data,” Invited 
Presentation, Merck, March. 
Reviewer A, “Statistical Analysis of Gene Expression Microarray Data,” Invited 
Presentation, University of Washington, February. 
Reviewer A, “Statistical Analysis of Gene Expression Microarray Data,” Invited 
Presentation, Lawrence Livermore National Laboratory, February. 
Reviewer A, “Statistical Analysis of Gene Expression Microarray Data,” Invited 
Pres en t a t io n , EUCh em Conference on Bioin forma tics, Chemin for ma tics, Da tamining, 
and Chemometrics, Swedish Chemical Society, Stockholm, September. 



2000 

2000 

1999 

1999 

1999 

1999 

1998 

1998 

1998 

1998 

1998 

1998 

1998 

1997 

1997 

1997 

1997 

1996 

Reviewer A and cCo-author>, “Robust Clustering,” Invited Presentation, Controlling 
Complexity for Strong Stochastic Dependencies, Mathematisches Forschungsinsfitut 
Oberwolfach, Oberwolfach, Germany, September. 
Reviewer A, <Co-author>, and 40-author>, “Robust Cluster Analysis and Outlier 
Identification,” Invited Presentation, Joint Statistics Meetings 2000, Indianapolis, August. 
Reviewer A, “Robust Multivariate Analysis and Outlier Detection,” Invited Presentation, 
Mathsoft, Inc., Seattle, November. 
Reviewer A and 40-author>, “Bootstrapping in Controlled Calibration Experiments,” 
Invited Presentation, 4gd.Annual Fall Technical Conference, American Society for 
Quality, American Statisfical Association, Houston, October. 
Reviewer A, “Data Mining,” Invited Presentation, Gordon Research Conference on 
Statistics in Chemistry and Chemical Engineering, Plymouth, MH, July. 
Reviewer A, “Robust Cluster Analysis and Outlier Identification,” Invited Presentation, 
Conference on Complexity Reduction in Mulfivaria te Datasefs, Universitat Dortmund, 
March. 
Reviewer A, “Clustering and Outlier Detection in Massive, High-Dimensional Data Sets,” 
Invited Presentation, NIPS 98 Workshop on Mining Massive Databases: Scaling 
Prediction and Clustering to Massive and High Dimensional Data, Brekenridge, CO, 
December. 
Reviewer A, “Interdisciplinary Collaboration: Why and How?“ Invited Presentation, 
Society for Industrial and Applied Mathematics Meeting, Chicago, October. 
R e v i e we r A, “Con s t r u c t i ve Statistics : Estimators , A I g o r i t hm s , and As y m p t o t i cs , ” I nvi t ed 
Presentation, University of Illinois, Chicago, September. 
Reviewer A. “Constructive Statistics: Estimators, Algorithms, and Asymptotics,” Invited 
Presentation, Pfizer Central Research, Groton, CT, August. 
Reviewer A, “A Two-Component Model for Measurement Error in Analytical Chemistry,” 
Invited Presentation, National Institute for Standards and Technology, Gaithersburg, MD, 

Reviewer A, “A Two-Component Model for Measurement Error in Analytical Chemistry,” 
Invited Presentation, United States Environmental Protection Agency, Washington, DC, 
July. 
Reviewer A, “Constructive Statistics: Estimators, Algorithms, and Asymptotics,” invited 
Keynote Address, 30th Symposium on the Interface: Computing Science and Statistics, 
Minneapolis, MN, May. 
Reviewer A, “Robust Multivariate Analysis and Outlier Detection,” Invited Plenary 
Address, Annual Meeting of the Belgian Statistical Society, Mol, Belgium, October. 
Reviewer A and <Co-author>, “Partitioning and Subsampling to Uncover Subtle 
Structure in Massive Data Sets,” Invited Presentation, Summer Research lnstitute on 
Data Mining, Seattle, Washington, June. 
Reviewer A, “Statistics of Measurement Error in Analytical Chemistry,” invited 
Presentation, €PA Twelfth Annual Conference on Environmental Statistics, Richmond, 
VA, April. 
Reviewer A, “Partitioning and Subsampling to Uncover Subtle Structure in Massive Data 
Sets,” invited Presentation, Approaches to the Analysis and Visualization of Massive 
Data Sets Workshop, San Diego, CA, March 14 and 15. 
Reviewer A, “Statistical Methods for the Identification of and Measurement of Mixtures of 
Similar Toxic Substances,” Invited Presentation, Superfund Basic Research Program: A 
Decade of Improyng Health through Multidisciplinary Research, Chapel Hill, NC, 
February . 

July. 
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1996 

1996 

1996 

1996 

1996 

1996 

1995 

1935 

1995 

1994 

1994 

1994 

1994 

1993 

1992 

1992 

1989 

1986 

1986 

Reviewer A, “A Two-Component Model for Measurement Error in Analytical Chemistry,” 
Invited Presentation, ASMS Fall Workshop on Limits to Confirmation, Quantitation, and 
Detection, Alexandria, VA, November. 
Reviewer A and <Co-author>, “Robust, Aff ine-Equivariant Cluster Analysis,” Invited 
Presentation, DuPont, Wilmington, DE, October. 
<Co-author>, Reviewer A, and cCo-author>, “Design and Evolution of Multilateral 
A g re em en ts ,” I nvi t ed Presentation, American Political Science Associa tion Annual 
Meeting, September, 
Reviewer A and <Co-author>, “The Problem of Preference Change in International 
Security Agreements,” Invited Presentation, American Statistical Association Annual 
Meeting, C h icag 0, A u g us t. 
.cCo-author>, Reviewer A, and <Co-author>, “Regime Design and the Depth of 
Cooperation,” Invited Presentation, lnternational Studies Association Annual Meeting, 
San Diego, CA, April. 
Reviewer A, “Robust Scale-Free Cluster Analysis,” Invited Presentation, 
Mathematisches Forschungsinstitut Oberwolfach, Mathematische Stochastik, 
Oberwolfach, Germany, March. 
Reviewer A and <Co-author>, “Identification of Outliers in Multivariate Data”, Invited 
Presentation, DuPont, Wilmington, DE, February. 
Reviewer A, ’Fredictive Models for Reformulated Gasoline,” Invited Presentation, 
L.awrence Livermore National Laboratory, Livermore, CA, August. 
Reviewer A and <Co-author>, “Heuristic Combinatorial Search Algorithms for the 
Defection of Outliers in High Dimension,” Invited Presentation, Universitat Hannover, 
Hannover, Germany, March. 
Reviewer A and <Co-author>, “Robust Estimation and the Identification of Outliers in 
hhltivariate Data,’! Invited Presentation, Universitat Dortmund, Dortmund, Germany, 
March. 
Reviewer A and <Co-author>, “Identification of Outliers in Multivariate Data,” Invited 
Presentation, Merrill Lynch, Princeton, NJ, September. 
Reviewer A and <Co-author>, “Identification of Outliers in Multivariate Data,” invited 
Presentation, Columbia University, New York, NY, September. 
Reviewer A and <Co-author>, “Robust Estimation and the Identification of Outliers and 
Leverage Points in Multivariate Data,” Invited Presentation, Symposium on Future 
Directions in Robust Methods and Data Analysis, Princeton, NJ, June. 
Reviewer A and <Co-author>, “Identification of Outliers in Multivariate Data,” Invited 
Presentation, 26th Symposium on the Interface: Computing Science and Statjstics, 
Research Triangle Park, NC, June. 
<Co-author> and Reviewer A, “Strategies for Treaty Maintenance,” Invited Presentation, 
MlVHarvard Joint Seminar Series on lnternational Relations, April. 
Reviewer A, “Optimal Design for Calibration Problems in ELISA,” Invited Presentation, 
Mathematical Sciences Research lnstitute Symposium on Industrial Statistics, Berkeley, 
May. 
Reviewer A, “Statistical Design of Immunoassay Protocols,” Invited Presentation, 
American Chemical Society Annual Meeting, San Francisco, April. 
Reviewer A, “Robust Control Charts,” Invited Presentation, Temple University, 
Philadelphia, PA, October. 
Reviewer A, “Measuring Variation for Quality Improvement Applications,” Invited Paper, 
Annual Fall Technical Conference, American Society for Quality Control, Charlotte, 
North Carolina. 
Reviewer A, “Measuring Variations for Quality Control Applications,” Invited Paper, 
lnternafional Research Conference on Reliability and Quality, Columbia, Missouri. 

I O  



1985 Reviewer A, “Robust Statistical Analysis of lnterlaboratory Studies,” Invited Paper, 7985 
Gorden Research Conference on Statistics in Chemistry and Chemical Engineering. 

1984 Reviewer A, “A Comparison of Robust and Standard Analyses of lnterlaboratory 
Studies;” Invited Paper, Biometric Society ENAR meeting, Orlando, Florida. 

1982 cCo-author> and Reviewer A, “Multivariate ARlMA Modeling and Municipal Finance,” 
Invited Paper, Conference on Applied Time Series Analysis of Economics Data, 
sponsored by the American Statistical Association, U.S. Bureau of the Census and the 
National Bureau of Economic Research. 
Reviewer A and cCo-author>, “Time Series with Episodic Disruptions,” Invited Paper, 
Second lnternational Time Series Meetings, October, Guernsey, U.K. 

1979 
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Reviewer E, Technical Group Manager 

<Affiliations and E-mail Address Removed> 

EDUCATION 

B.S. General Science, Oregon Stare University I967 
M.S. Oceanography, University of Washington 1970 
Ph.D. Oceanography, University of Washington 1974 

EXPERIENCE 

Reviewer E is the Technical Group Manager for <Affiliation Removed>. He manages a staff of 
18 in\.ol\sd i n  chemistrj projects. Re\kuer  E has ol'er 25 years experience in freshwater and marine 
geochemistr)' Xvith emphasis on the concentration, speciation, and fate of trace elements in  marine 
e;os!'stems. He has been the project inanager of research contracts that required collecting and analyzing 
n'ater. sediment and organisms, and seavater samples for butyltins, trace metals, and organic compounds, 
including sr\.en years of anal>,ses of NOAA Mussel M'atch bivalve and sediment samples. 

* .  

Re\.iev, SI' E is internationall}, recognized in the field of marine pollution and trace metal analysis. 
He is frequently an in\.ited participant or session chairman for workshops or scientific meetings that deal 
\s.ith arhcliiic speciation, marine monitoring, and the fate of Contaminants in  coastal waters. He has 
authored or coauthored nearly 100 journal articles and nearly 75 technical repons that apply geochemistry 
to di\.erhe en\.ironmrntal issues. 

Acid Yolatile Sulfides (AYS). Reviewer E has developed field sampling and analytical methods for 
the analysis of acid volatile sulfides (AVS) and simultaneously extracted metals (SEM) i n  marine and 
freshwater sediments. These methods have been used on the U.S. €PA Great Lakes Project and on 
,";OAA's 1991 sediment survey of Long Island Sound. 

3Ionitoring Offshore Platforms. Reviewer E has been studying the distribution of contaminants on 
the continental shelf near oil and gas platforms for eight years with the CAMP I1 study in California 
and the Bcaufoi-r Sea \lonitoring Program. Temporal trends i n  the concentrations of contaminants in  
age-dated sediment cores have also been investigated. 

Atmospheric Deposition and Sea Surface hlicrolayer Chemistry. Reviewer E made 
niwcurements of the deposition rate of airborne contaminants to a water surface and the fate of 
aerosols in  seawater. He ha5 collaborated in the sampling and analysis of sea surface microlayer and 
the relationship between chemistry and toxicity of the microlayer. 

Analytical Chemistry. Reviewer E is competent in the use of a variety of analytical techniques 
including a:amic absorption spectrometry, neutron activation analysis,.X-ray fluorescence, and 
inducti\.el}. coupled plasma mass spectrometry. He has developed methods for the analysis of the 
speciation of mercury and arsenic in environmental samples. He has had considerable experience in 
field sampling techniques and strategies. 

Fate and Effects of Contaminants in Coastal Waters. Reviewer E has conducted research 
determining the chemical forms of arsenic in orsanisms and man. the form of mercury emitted by 
geothermal and coal fired power plants, and the forms and fate of copper and silver in the marine 
ecosystem. His current research projects involve investigation of the input rates of toxic trace metals 



to the coastal marine environment and the biogeochemical and physical processes that control the 
distribution of these contaniinants. 

Reviewer E is a member of the American Chemical Society, the Oceanographic Society, and the Air and 
Waste Managenaent Association. He received the Pan American Petroleum Fellowship during 1968-1 969. 

IN\ITED PARTICIPATION 

State of \%'ashington Department of Ecology Arsenic Technical Scoping Committee, August 1999. 

NOAA National Oceanographic Data Center Coastal Ocean Data Working Group Member, March 1997- 
1998 

Ds\,sloped 3Isthod 16-32, Cliriiiical Spec'iatiori qfAr-serzic in It'arer aiid Tissue by H\:dride Gemration 
Qiuirt: Fiir-iruixJ Atomic AbAorptior1 Spectt-oruetr?, Rerision A, for U.S. Environmental Protection Agency 
Office of 'ii'atsr . 1998. 

Outer Continentlil Shelf Ad\3wr! Board. Scientific Committee. U.S. Department of the Interior, Minerals 
J l x ~ ~ ~ ~ e i ~ x n ~  Strvice. 1996 to present. 

Orpnizing soniiiiittes member for six International S i k r  Conferences, Madison, Wisconsin, 1993-1999. 

Se55iori co-chairman for "clean metal" methods at SETAC Conference, Denver, Colorado, October 30 
through No\.enibsr 3 ,  I993 

Se\cloii leadsr for the M'orbshop on Organic Chemicals in the Great Lakes, Madison, Wisconsin, 
Ssptrnibsr 14- 16. 1993. 

- 

Orpnizins committee meiiiber for the Second lnternational Silver Conference, Madison, Wisconsin, 
Sepember 11-13. 1994. 

Participated i n  forum on the Environmental State of the Georgia Basin-Puget Sound-Juan de Fuca Region, 
\'ancouvcr. Britich Columbia. January 13-1 4. 1994. 

Assisted the Coaqt Guard and NOAA Hazmat with designing future investigations of the sunken vessel 
"Em pi r< K n i ghl" 

Trace llcta14 Expen i n  3 \\ orkshop for the development of trace metals methods for EPA's Analytical 
Methods Staff, November 12 and 13, 1993, Boston, Massachusetts. 

Co-Chairman, "First International Conference on Transpon, Fate and Effects of Silver in the 
En\.ironmrnt," August 8-10, 1993. 

Chairman of Electric Power Research Institute Arsenic Health Studies Review, March 19-20, 1991, Palo 
A 110, Cali fomla. 

Member of the Puget Sound b'ater Quality Authority Research Committee, 1990 to present. I 
hlsmbrr of the €PA Puget Sound Estuarine Program Technical Advisory Committee, I987 to 1991. 
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Revie\s.er of EPA's "Toxicological Profile for Arsenic," 1991. 

Thesis advisory committee member for two master students (University of Washington and Western 
b'ashington University). 

hleniher of ths Puget Sound Water Quality Authority Atmospheric Deposition Technical Work Team 
(3989-1991). 

Adjunct Professor, M'estern Washington University, 1990 to present. 

Eupert \I itnesc for trials in\ol\inz leaching of arhenic and heal-y metals from mixtures of slag and wood 
\i a\tc'. >sdimentatiun rates and sediinent c h e n i i q  in the east u.aterway of Everett, Washington, water 
qualit! near ths cit! of Srquini outfall, and city of Lynnwood, M'ashington, secondary treatment waiver. 

Speaker on Chemical Process for the Puget Sound Urater Quality Authority Workshop on "A Briefing on 
P u p  Sound Sed i men t s. " 1 959. Tacoma. U'as hi ngt on. 

Spsaker for the SalZn DiqcuwionL on En\ i~onmi.ntal Consequences of the Chemical Industry for the 
Atinosphers and the Ocean< at the - 3 h d  JLJPAC Congress. August 2-7, 1989, Stockholm. Sweden. 

S p d r r  ai SCXSI's U'eht Coaqt Rzsional ,Ilestin_r on "Temporal Trends of Contamination Recorded in 
S e d i m m  of Puse: Sound," 1989. Portland. Oregon. 

Sesyion Ch3irman for t h t  Pufst  Sound M'ater Quality Authority Puget Sound Research Conference, March 
S-1-3. 195s. St.attls. M'akhington. 

Szsqion Chairman for Chenii~tr!~ at the Oregon Sediment Qualit!, Workshop sponsored b j  Portland COE 
and Oregon Depar~ment of Environmental Quality. Augusr 1988. Lincoln, Oregon. 

Chair of the Chemical U'orkiny Session of the Bering Sea Monitoring Workshop, Minerals Management 
Senice of the U.S. Department of Interior, January 11-1 5 .  1987. Anchorage. Alaska. 

Ad\.isoq, Committee Member for the University of Washington RustonNashon Island Environmental 
Pathu.aj Study. hlarch 23, 1981. 

Rapporteur for U.S. En\.ironinental Protection Agency Sediment Criteria Development Workshop, 
November 28-30. I9S4. Alexandria, Virginia. 

The Status and Trends Program: Recommendations for Design and Implementation of the Chemical 
hleasurements Segment. NOAA Status and Trends Program Workshop, October, 1983. 

Participant in the Second Workshop on Pollutant Transfer by Particulates, sponsored by NOANOMPA, 
April 27-79. 1983, Stony Brook, New York. 

Re\.ie\\.er for the .4nnual Program Review sponsored by the National Oceanic and Atmospheric 
Ad~ninistration/Pacific hlarine Environmental Laboratory. February 2-3, 1982. Seattie, Washington. 
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Participant in the Workshop on Pollutant Transfer by Particulates, sponsored by NOANOMPA, January 
19-2 I ,  1982, Norfolk, Virginia. 

Participant in the Workshop on Sublethal Biological Effects of Pollutants in Marine Organisms sponsored 
by the California Department of FiSh and Game and the Department of Energy, March 30-31, 1982. 
Asiloniar, California. 

Rapporteur for Intercalibration Exercikes at the NATO Advanced Research Institute Symposium on "Trace 
hletals in Sea Water." Erice, March 30 -April 3, 1981, Sicily, Italy. 

Panicipant in  DOE FYorkshop on En\,ironmental Effects of Photovoltaic Energy Technology, Brookhaven, 
KC\\ YorA. June 17-20. 1980. 

Ptrr-ticip~~t i n  DOE FVorkshop on "Processes Determining the Input Behavior and Fate of Radionuclides 
and Trace Elements i n  Continental Shelf Environments," Washington, D.C., March 7-9, 1979. 

S p h r r  for the Geochemical Oceanography Seminar. University of Washington. Seattle, Washington, 
October 26. 1979. 

Participant in S 0 , A - A  \Yorkshop Proceedings on Trace hletals and Marine Production Processes, Seattle, 
\i-ashington. Februar? 38-March 3, 1978. 

Speaker for the Fjr\t SJmposium on En\ironmrntal Analytical Chemistry, Proso, Utah, June 21 -23, 1978. 

Participant in  M'orkshop on Trace hletals sponsored by the US. Department of Commerce, Estes Park, 
Colorado, Jul! 10- 13, 1978. 

Pamcipm m EPRi ll'nrhchop on Ffy .4sh and Its Leachates, Palo Alto, California, May 24-26, 1978. 

Discussion Leader - Session on CopperEcosystems Interactions. "Copper in the Marine Environment." 
Workshop adjunct to AGU Annual Meeting, December 7-8, 1977, San Francisco, California. 

Rapporteur for Chemical Oceanography at the Bureau of Land Management Workshop on 
Recommendation for Baseline Research in N'ashington and Oregon, Relative to Offshore Resource 
De\~eloprnert~, Portland, Oregon, December 15-1 7. 1976. U.S. Dept. of Energy Publication 
CONF-77 1236. 

Participant on Panel 3. "Sediment Interaction." Workshop on the ERDA Marine Sciences Research 
Program f c r  the \Vest Coast of the United States." (W. L. Templeton, ed.), sponsored by DBER, Energy 
Research and De\=elopment Administration, March 17-1 9, 1976, Asilomar, California. 

Participant in Workshop on Development and Characterization of Marine Standard Reference Materials 
(SRM) for Chemical Speciation Determinations. Sponsored by National Bureau of Standards, Catalina 
Island, Ocrobsr 8-1 0, 1975. 
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PUBLICA ~1014s 

Journal Articles 
<Co-author>, <Co-author>, and Reviewer E, "Inhibition of marine nitrification by ocean disposal of 
carbon dioxide", Mariiie Pullutiuri Bulletiti, accepted for publication, 2001. 

do-author>. <Co-author>, <Co-author>, <Co-author>, Reviewer E, and <Co-author>. 2001. 
"Quantitsti\.e Relationship hetu ern Arsenic Exposure and AP-I Activity in Mouse Urinaq Bladder 
Epithelium." Tuxicolugicd Sciences 60 (2001 ):279-284. 

<Co-autlior>, <Co-author>, Re\,ie\i.er E, <Co-author;., <Co-author>, and <Co-author>. 1999. "A Shrket 
Basket Survc-5 of Inorpiic Arsenic in  Food." Food mid Chenzicai Toxicology 37( 1999):839-846. 

<Co-author>. and Re\.iewer E. 2000. "Inhibition of Marine Nitrification by Ocean Disposal of Carbon 
Dioxide." PSNL-SA-33911. Eri~iruriinerital Science aiid Technology. 

<Co-author>. <Co-nuthor>, Reviewer E, <Co-author>, and <Co-author>. 1999 "Elevated arsenic 
concsnrration3 in b i \d \ fes  from the southeast coasts of the USA." Marine Environn~er~tnl Research 48(4- 
5 ):j 1 1 PSNL-. Pacific Northu.est National Laborator).. Richland, WA. 

<Co-au:fior>. R e i k i i  er E, and <Co-author>. 1997. [IRcfinement of the Borohydride Reductive 
Precipitation Preconcrntration Techniquc for ICP-MS Analysis of Trace Metals in Sea Water.0 Anafyicu 
Ch iii iii '11 '4 m i  ( submit ted j . 

Reviewrr E and <Co-author>. 1997. Intercomparison of Analytical Methods for Arsenic Speciation in 
Human Urine. Eri~.ir-~rim~~tirn/ Health Perspectives (accepted for publication). 

<Co-author>, <Co-author>, <Co-author>, <Co-author>, <Co-authon, <Co-author>, Reviewer E, and 
<Co-author>. 1997. DHeavy hletal, Organochlorine Pesticide and Polychlorinated Biphenyl 
Contamination in  ,4rctic Ground Squirrels ISp~rriiuphilirs pari?Y) in Northern Alaska. Arcric 50(4)323- 
7 . 9  -' .> J , 

<Co-author>. 40-author>, <Co-author>, <Co-author>, <Co-author>, Reviewer E, and <Co-authon. 
"En\.ironmentd Assessment of Sea Surface Contamination in the Gulf." Marine Pollution Birlletin 
(submitted) 

<Co-author>, <Co-author>, Reviewer E, and <Co-authon. "Quantification of Waterborne Mercury, Lead, 
Selenium and Arsenic in Freshwater and Marine Environments." Environmental Science and Technology 
(submitted) 

<Co-au than, <Co-author>, cCo-author>, do-author>, <Co-author>, <Co-author>, <Co-author>, and 
Reviewer E. 1993. "Recalculation of the Oral Arsenic Toxicity Values Correcting for dietary Intake." 
Eiii~irurii~icrilnl Henltli Perspecrilles (submitted). 

<Co-author><Co-author>. cCo-authon, and Reviewer E. "Great Lakes Sediment Quality Assessment 
Using N'hole Sediment Toxicity Tests with Macroinvertebrates." Great Lakes Jorrnial. (submitted) 
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<Co-author>, 40-author>, do-author>, <Co-author>, <Co-author>, Reviewer E, and cCo-author>. 
1997. "Heavy Metal Accumulation in Freshwater Fish in U.S. Arctic Lakes." E~zvirotzt~zenral Toxicology 
arid Cltetiiisrq 16(4):733-741. 

<Co-author;., cCo-authon, cCo-aLthon, <Co-author>, S. <Co-author>, Reviewer E, and <Co-author>. 
1995. "Tnorpnic Contaminants i n  Arctic Alaskan Ecosystems: Long-Range Atmospheric Transport or 
Local Point Sources?" The Scimce ofthe Total Etz~~irotznict~t 160/161:323-335. 

<Co-author>, Re\,ie\ier E, and <Co-author>. 1994. "Temporal and Spatial Changes in the Concentrations 
of H).drocarbons and Trace hletals in the Vicinity of an Offshore Oil Production Platform." Marine 
E t i ~ ~ ; t ~ ~ t ~ 1 ~ 7 ~ ~ 1 ~ ~ ~ 1  Rrsrttrch -37: 129-163. 

<Co-author>, and Reviewer E. 1993. "The Relationship Between Acid.Volatile Sulfide and the Toxicity 
of Zinc. Lead. and Copper in  hlarine Sediments." E/~\*iror~~nrnral Toxicdogy and Cheniisrry 13(3):529- 
536. 

<Co-authoi->. <Co-author>. <Co-author>, <Co-author>, and Reviewer E. 1994. "Urinary Excretion 
I i i r x t i i \  and DSX DmagC: i n  Normal and Choline Deficient hlale B6C3F1 hlice Treated Once by Oral 
G a v q t  u i th Sodium Arsenite." Eti~irorznietiral a ~ i d  Molecular Mutagenesis, Volume 23, Supplement 23. 
M7i le!,-Lisc\. 

<Co-author->. <Co-author>. <Co-author>. <Co-author>. Reviewer E, cCo-authon, cCo-authon, 40- 
author>, <Co-aurhor>. <Co-author>. and <Co-author>. 1993. "Toxicity of contaminated sediments in 
Dilution Serieq u i t h  Control Sediments." Cl?eiiiospher-e 9:1789-1812. 

<Co-authnr>. <Co-autiior>. Re\ ien cr E, <Co-author>, cCo-authon, and <Co-author>. 1992. "Fate of 
Bunher C Fuel Oil in  R'aqhinfton Coastal Habitat< Follo\iing the December 1988 AESTUCCA Oil Spill." 
h'orrh~) esr Sc*ience 66( 1 ) . I  -14. 

Re\,isuer E, cCo-author>, <Co-author>, and <Co-author>. 1991. "Trace hletals in  Sediments from the 
Inner Continental Shelf of the Wesrern Beaufon Sea." Eti\viron. Geol. Water Sci. 18:71-79. 

40-author>. <Co-author>, Reviewer E, cCo-author>, cCo-author>, and <Co-author>. 1990. 
"llmitoring Long-Term Effects of Offshore Oil and Gas Development Along the Southern California 
Outer Continental Shelf and Slope: Background Environmental Conditions in the Santa Maria Basin." 
B Clict?iical Pollurioti 6 :  195-240. 

cCo-author>. <Co-author>, and Reviewer E. 1989. "Comparison of Two Gravity Coring Devices for 
Sedimentation Rare Measurement by 21 O-Pb Dating Techniques." Hjdrobiologia 179:261-269. 

Oil 

<Co-author>. <Co-author>, <Co-authon. Reviewer E, and cCo-author>. 1989. "Separate Dissolved and 
Particulate Trace Metal Budgets for an Estuarine System: An Aid for Management Decisions." 
Etir~irotiriieizt~il Pollitriori 57:3 17-339. 

Re\.iewer E. 19S8. "Detecting Contamination or Trends in the Concentrations of Trace Metals in  Marine 
Environments." Joiirtzal of Research of the h'arionnl Bureau of Sraridards 93:321-323. 
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<Co-author>, Reviewer E, <Co-authon, <Co-author>, <Co-author>, <Co-authon, and <Co-author>. 
1988. "Aquatic Surface Contamination in Chesapeake Bay." Mar. Chetn. 28:333-35 1 .  

<Co-author>, <Co-author>, <Co-author>, Reviewer E, <Co-author>, and <Co-author>. 1 988. "The 
Impact 'of Scavenging on Trace Metal Budgets in Puget Sound." Geochirnicu et Costitochimicu Acta 
52:  1765-1 779. 

. <Co-author>, <Co-author>, <Co-authon, <Co-authon, <Co-authon, <Co-author>, and Reviewer E. 
I9S8. "Contaminant Concentrations and Toxicity of Sea-surface Microlayer Near Los Anzeles, 
California." Alrir. Erri.ir-on. Res. 23:307-323. 

<Co-author>, Rr\,iewer E, <Co-authon, <Co-author>, <Co-author>, and <Co-author>. 1988. "The Sea- 
suiface Containination in Puzct Sound: Part 11. Concentration and Distribution of Contaminants and 
Rtlation to Toxicit),." M r i r .  Eii\ircm. Res. 23:227-249. 

<Co-authon, Reviewr E. <Co-author>, and <Co-author>. 1988. "Toxicity - Metal Speciation 
Rtlarionships for Daphnia m:i_rna Exposed to Brass Poa.der. Arch. €n\.iron. Coi~~nnziiz. Tosicol. 17575- 
581. 

<Co-author>. <Co-author>. and Re\.iewer E. 19SS. "Accumulation Rates of Recent Sediments in  Puget 
Sound. hi ngton . " M n  rine Geolog!. 

<Co-author>. <Co-author>, Reviewer E? and <Co-author>. 1987. "A Laboratory Study of the 
Accumulation and Toxicity of Contaminants in the Sea Surface from Sediments Proposed for Dredging." 
Mil 1.. GI 1,iroii. Res. 23 :3 35 --3 3 8. 

<Cn-atithor>. and Rr\.ie\i er E. 1987. "Distribution of Sili.er. Mercury. Lead, Copper and Cadmium in 
Central Puzet Sound Sediments." 124nrine Chcnzisrry 2 11377-390. 

<Co-author>. <Co-author>, Re\.iewer E, and <Co-author>. 1985. "Sea-Surface Microlayer Metals 
Enrichmcnts i n  an Grban and Rural Bay." Estriol-ine Con.craf SlielfSci. 20:299-312. 

do-author>. <Co-author>, Reviewer E, and <Co-author>. 1985. "The Sea-Surface Microlayer: Fate and 
Residence Time\ of Atmosphe.ric Metals." Linrnof. Oceanogr. 30( 1 ):93-101. 

<Co-author>, and Rr\,iewer E. 1984. "Determination of Silver in  Sea Water by Coprecipitation with 
Cobalt Pyrrolidinedithicarbamate and Zeeman Graphite-Furnace Atomic Absorption Spectrometry." A n d .  
Chim Acta. 156:139-145. 

Re\.ienw E, do-author>, and <Co-author>. 1984. "Sediment Mass Balance for the Main Basin of Puget 
Sound." (Abstract) Am. Geoph3.s. L'rziou Traizs. €OS 64: I 104. 

<Co-author>, <Co-authon, Reviewer E, and cCo-authon. 1984. "Transfer of Cadmium in a 
Phytoplankton-Oyster-Mouse Food Chain." Arch. Emiron. Contam. Toxicot. 23:4 19-425. 
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<Co-author>, Reviewer E, and do-author>. 1984. "Polycyclic Aromatic Hydrocarbons in Washington 
Coastal Sediments: An Evaluation of Atmospheric and Riverine Routes of Introduction." Emiron. Sci. 
Technoi. 18:687-693. 

<Co-author>, and Revie\ver E. 1984. "Elemental Composition of the Hydrothermal Vent Clam, 
Cnhptogeiia mngiiifica, from the East Pacific Rise." Murine Biology 83: 155-1 61. 

<Co-author>, <Co-author>, Reviewer E, and <Co-authon. 1984. "Distribution of Trace Metals in  the 
Hjdrothsrmal Vent Clam, CalTprogeizn nzngizifica." Biol. SOC. Wash. Bull. 6:3 1 1-324. 

<Co-aurhor>. and Re\.ie\ver E. 1983a. "Solubility Behavior of Atmospheric 7Be in the Marine 
En\.ironmrnt." A ~ L I I . .  Chrin. 13:-313-33 I .  

<Co-author>. and Re\,ieu.er E. I9Sjb.  "Determination of hlercury in Seau,ater at Sub-Nanogram per 
Liter Le\ els." hlar. Cheni. 14:39-59. 

Reviewer E 19S2. "The Vse of 21 OPh in  the Comparison of Sedimentation Rates with Sediment Trap 
Flu\ f o r  the Central BLiain of Puget Sound." Ens Ani. Geoph?~s. Uriio~i Trms.  63(3):82. (Abstract). 

Re\ i2a.er E. <Co-author>, <Co-author>, <Co-author>, <Co-author>, <Co-authon, and <Co-author>. 
1982. "Copper Bion\,rtilabilit), to Alarine B i \ , a l \~s  and Shrimp: Relationship to Cupric Ion Activity." 
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Revie~.er E 19S1. "Prediction of Marine Atmospheric Deposition Rates Using Total 7Be Deposition 
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Re\,ie\s zr E 1980. "The Solubility of Coal Fly Ash and Marine Aerosols in  Seaivater." Mar. Chem. 
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Reviewer E, <Co-author>, <Co-aythor>, do-author>, <Cn-author>, <Co-author>, and <Co-author>. 
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Reviewer E 19s 1. "Fly-Ash Disposal in the Ocean: An Alternative Worth Considering." Presented at 
the Third International Ocean Disposal Symposium. October 12-16, 1981, Woods Hole. Massachusetts. 

Reviewer E 198 1 .  "The Significance of Atmospheric Input on Metal Concentrations in Oceanic Water 
and Suspended 3lattrr." Presented at the NATO Advanced Research Institute Symposium on "Trace 
Metals in Sea M'ater". March 30-April 3, 1981. Erice, Sicily, Italy. 



Reiiewer E (Continued) 

Reviewer E and <Co-author>. 1981. "Biological Uptake and Chemical Speciation of Copper in Seawater 
Determined by Electrochemistry." Presented at Workshop on Environmental Speciation and Monitoring 
Needs for Trace Metals-Containing Substances from Energy-Related Processes, NBS and Department of 
Energy, May 18-20, 1981, Gaithersburg, Maryland. 

Reviewer E. <Co-author>, <Co-author>, <Co-author>, Ko-authoo,  cCo-author>, and <Co-author>. 
19SO. "Physical and Chemical Facto& Affecting Bioavailability of Metals to the Littleneck Clam, 
Protorhnrn stnniiriea." Presented at the VI International Symposium on Chemistry of the Mediterranean, 
hlay 5- 1 0 ,  19S0, Rovinj, Yugoslavia. 

R e ~ i e n e r  E 1980. "The Geochemical Behavior of Arsenic in Puget Sound." Department of Energy 
\i'@rh\hOp on Environmental Efftxts of Photovoltaic Energy Technicology, June 17-20, 1980, 
Brookhaven, New Yo&. 

<Co-author> and Reviewer E. 1980. "Determination of Elemental Solubilities from Atmospheric Aerosols 
i-'\inf 1n~trume:ni~I Nrutr-on Anal) sis and Seawater Leaching." Presented at the 10th Annual Symposium 
on Anal!,tical Chemist$* of Pollutants, Donmund, Federal Republic of Germany. 

<Co-author>. Re\ ieuer E. <Co-author>, and <Co-author>. 1980, "The Effect of Aging on the 
Bioa\.ailabilit! of Copper to hlarint: Organisms." Presented at the American Society of Limnology and 
Oceanoyxph! \$'inter >\.leetin:. Januar: 31 - Februar! 3,  1980. Los Angeles. California. 

<Co-author>. <Co-author>. RevieLver E. and <Co-authoi>. 1980. "Clam Gills as a Tool for Studying the 
Factor> tlmar Control the Bioavailability of Copper." Presented at the 33rd Annual Meeting of the 
.4merican Society of Limnology and Oceanography, June 16-19, 1980, Knoxville, Tennessee. 

<Co-author>. RevieLver E. <Co-author>. <Co-author>, <Co-author>, and <Co-author>. 1980. 
"Hdogenated Orziinic Pollutants in W'ater and Suspended Matter from Puget Sound." Presented at the 
Amencan Chemical Societ) Meeting, August 34-29. 1980. Las Vegas, Nevada. 

Re\,ie\i er E 14179. "Coastal Aerosol Chemistry Using Shipboard and Shore Sampling Sites." Presented 
at ACS/CSJ Chemical Congress. April 1-6, 1979, Honolulu, Hawaii. 

ReLiewger E 1979. "Comparison of Atmospheric and Riverine Transport of Trace Elements to the 
Continental Shelf Environment." Presented at Department of Energy Workshop on Processes Determining 
the Input Behavior and Fate of Radionuclides and Trace Elements in Continental Shelf Environments, 
March 7-9. 1979. U'ashington, D.C. 

Revien,er E 1979. "Air Inputs of Chemicals to the Washington Coast." Presented at the Geochemical 
Oceanograph!. Seminar, University of Washington, October 26, 1979, Seattle, Washington. 

Reviewer E and cCo-author>. 1979. "Organisms and Trace Metals in  the Water Column." Presented at 
NOAA/hIESA Puget Sound Project Workshop, October 17, 1979, Seattle, Washington. 



Reviewer E (Continued) 

<Co-authon, cCo-author>, and Reviewer E. 1979. "Neutron Activation and Cold-Vapor Atomic 
Absorption Techniques Applied to Seawater Analysis." Presented at ACS/CSJ Chemical Congress, April 
1-6, 1979. Ho~iolulu, Hawaii. 

<Co-authon, Reviewer E, <Co-author>, <Co-author>, <Co-authon. 1979. "Background Air Particulate 
Chemistry Near Colstrip, hlnntana." Presented at the 34th Northu,est Regional Meeting/American 
Chemical Society, June 13-1 5 ,  1979, Richland, Washington. 

Re\.ieB.er E 1978. "Analytical Techniques for Arsenic Species in Environmental Samples." Presented at 
the First S\ nipo>ium on En\*iroi;mental i\nalj*tical Chemistry, June 21 -33. 1978, Provo, Utah. 

<Co-author>. Re\.ie\x,er E, <Co-author>, cCo-author>, and cCo-author>. 1978. "The Availability of 
Trace Xletals i n  Srdinients to Detrital-Feeding Organisms." Presented at the 41 st Annual Meeting of the 
i\nierisan Societj. of Limnolog~~ and Oceanography, June 19-37, 1978, Victoria, British Columbia, 
Canada. 

Rs\.ir\irsr E 197s. "Dzposition Rate of Airborne Particulate Elements on the Washington Coast." 
Presmcd at the 31 st . 4mua l  Xleeting of the American Society of Limnology and Oceanography, June 
19-22. 1978. \'ictoria. Britiqh Columbia, Canada. 

Re\, iev ~ f r  E. <Co-~uiIior>. <Co-author>. <Co-author> and <Co-author>. 1978. "Characterization of 
Emissions from the Colstrip Coal-Fired Pouer Plant." Presented at the M'orkshop on "Colstrip, Coal-fired 
Po \~e r  Planr P i - q e c ~ '  . sponsol-ed b) the En\ ironmental Protection Agency, January 17-1 9, 1978. Corvallis, 
Oregon. 

Re\,ieu er E 1978. "hleawrement of Oxidants in  Ozonated Sea Water and Some Biological Reactions." 
Presented at the Second W'orAshop on Marine and Freshuater Application of Ozone, November 1-3, 
197&. Orlando. Flonda. 

<Co-authnr>. <Cn-author>. <Co-author>, do-author>. Rz\,iewer E, and cCo-author>. 1978. "A 
Chemical Characterization of Pollutants Released During Geothermal Energy Development." Presented at 
.AI~IILILI!  3lci.ring ci i  the . A \ \ ~ l i l ~ t l ~ i 1  for the Ad\ancemsnt of Science. Februarj, 12-1 7, 1978, \Yashington, 
D.C. 

Revieu,er E. <Co-author>, <Co-author>, and <Co-author>. 1978. "Trace Element Radionuclide 
Emissions from the Colstrip, Montana, Coal-Fired Power Plant." Presented at the 22nd Annual 
Conference on .4nal>,ticsl Chemistry in  Energy Technology, October 10-1 2, 1978, Gatlinburg, Tennessee. 

Revie\i.er E 1978. "Derailed Chemical Characterization of Coal Fly Ash Leachates." Presented at the 
EPRI Workshop on Fly Ash and Its Leachates, May 24-26, 1978, Palo Alto, California. 

<Co-author> and Reviefirer E. 1977. "Copper Speciation in Sea Water Determined by Anodic Stripping 
Voltarnctr!.." Prewnted at Association for the Advancement of Science Meeting, February 23-25, 1977, 
Denver. Colorado. 

<Co-author>. 40-author>, and Reviewer E. 1977. "Bi~a\~ailability of Hydrocarbons and Heavy Metals 
to Xlarine Detriti\,ores from Oil-Impacted Sediments (RU 454)." Presented at the Workshop on Marine 



Reviewer E (Continued) 

Biological Effects of OCS Petroleum Development, A Program Review of Research Supported Under the 
KOAA Outer Continental Shelf Environmental Assessment Program, November 29-December 2, 1977, 
Seattle, Washington. 

Reviewer E 1977. "The Production of Bromine, Bromate and Chlorine in Sea Water by Ozonation." 
Presented at the Symposium on Advanced Ozone Technology, November 2-4, 1977, Toronto, Canada. 

<Co-author>, Reviewer E, <Co-author>, and <Co-author>. 1977. "Heavy Metal Emissions from 
Geothermal Power Plants." Presented at 2nd Workshop on Sampling and Analysis of Geothermal 
Effluents, February 15-1 7, 1977. Las Vegas, Nevada. 

Revieiver E 1976. "Changes in the Chemical Speciation of Arsenic Following Ingestion by Man." 
Presented at the International Institute of Environmental Health Science and Department of Environmental 
H\$ene. Karolinska Institute, October 5-8, 1976? Fort Lauderdale, Florida 

Reviewr E 1976. "The 3lontana Coal-Fired Power Plant Project." Presented at meeting sponsored by the 
Cor\,allib Environmental Research Laboratory, November 14, 1976, Corvallis, Oregon. 

<Co-author>, Re\-iewef E. and <Co-author>. 1976. "Airborne Arsenic Exposure and Excretion of 
;2Icth! laird Arsr.iiic Compounds." Presented at International Institute of Environmental Health Science 
and Dspanment of En\ ironiiimA Hygiene. Karolinska Institute. October 5-8. 1976. Fort Lauderdale, 
Florida. 

<Co-author>. <Co-author>. Re\iewer E, and do-author>.  1975. "Heavy Metal Mobilization from 
Geothermal Areas." Presented at Geothermal Environmental Seminar. November 14, 1975, Lakeport, 
Cal I ;?mi a. 

Re\,Isu er E. <Co-author>, and <Co-author>. 1975. "The Dei elopment and Characterization of Marine 
Standard Reference 3laterials ISRMS) for Chemical Speciation Determinations." Presented at the 
iVorLlhop on Standard Reference Materials for Marine Science, sponsored by National Bureau of 
Standards. Oitobsr 8-1 0. 1975, Catalina Island. California. 

R s \  isiier E 1971. "Thc G ~ ~ h s m i s a l  C),cle of Arsenic in Lake %'ashington, Seattle." Presented at the 
37th Annual Mesling of the American Society of Limnology and Oceanography, June 23-28, 1974, 
S e 3 t 11 c . Wash i n f t on. 



Peer Review of the Plan for the Assessment of Detection and Quantitation Limits 
Under Section 303(h) of rhe Clean Water Act 

APPESDIX F 

Re\.ie\ver F Curriculum l'itae 

February 2002 



Reviewer F 

. .  <Affiliation, Address, and Telephone Number Removed> 

EDUCATION 

Institution and Location _c_ Degree Date Field 
Cornel1 L'niiver\;it,*. Ithaca, NY Ph.D. 1971 Analytical Chemistry 
Cornell Universitj:, Ithaca, NY M.S. 1969 Analytical Chemistry 
Univ. of hlassachusetts, Aniherst, MA B.S. 1967 Chemistry 

HONORS 

Editorial Board. American Environmental Laboratory, 1990 to 1999 
Editorial Xdi isor! Board, GC/hlS Update - Part A, 1991 to 1998 
Industrial Ad\.isol-y Council, SDSU Department of Chemistry - 1982 to 1988 
EPA Certificate of Appreciation - 1980 
IR- 100 Au ai cl - 1915 
Societ) of Sisma Xi - 1971 
DuPonr T s d m g  PriLe - 1970 
Graduation u i th  Honorc in Chemistry- 1967 

P R 0 FESS IO N AL EX P E RI E N CE 

1985 - Present: 

<Affiliation RemoTced>. Established business now operating at a rate of approximately $2000k/yr using 
p21.?;011J IssoLK;~:~. R c ~ p o i i ~ i b l e  for all business activiiies including chemical analysis services and 
special projects, software development, marketing and finance. The technical activities of PA include 
environmental analytical methods development and environmental analysis services for commercial and 
government clients. Significant developments have included analytical methods for determining TCLP 
analytes in n'aste oil, sub-ppb detection for organic pollutants in waste water and procedures for 
determining chemicals of concern in oily wastes. From 1985 through 1996, he has also provided 
consulting services to VG Masslab in the area of GCMS software development. During this time he 
was responsible for the design concepts of the Lab-Base and MassLab G C M S  data systems. 

1977 - 1985: 
Manager, Chemistry Program S-CUBED, a Division of Maxwell Laboratories, La Jolla, CA 92038. 
Responsibilities included: 1) line management of 30 people (6 Ph.D.s, 1 M.E., 1 E.E., 18 B.S.s), 2) 
technical and fiscal management for >$2500k/yr in contract revenues, and 3) marketing for the 
Chemistry Program. Technical activities managed included environmental analytical methods 
development, environmental analysis services for EPA, quality assurance support to EPA and instrument 
development for the US Army and Navy. Significant projects included the development of an 



atmospheric pressure ionization pulsed molecular beam mass spectrometer, development of EPA 
Methods 1624 and 1625 (see Federal Register), plus sampling and analysis methods for monitoring 
hazardous waste incineration. 

1976 - 1977: 

Senior Research Associate, Division of Neuroscience, City of Hope National Medical Center, Duarte, 
CA. Developed of qualitative and quantitative methods for GUMS; provided access to newly 
developing analytical technologies as they related to problems in the neurosciences. Specific research 
interests included determining selected neurotransmitters in single cells dissected from the mollusk 
ApIesia . 

1974 - 1976: 

Research Chemist, Instrument Products Division, E.I. DuPont de Nemours, Monrovia, CA. 
Development of a ne\$. integrated GCI3IS system; initial system design including GC and accessories, 
C E I  source detection system and selected digital control systems. (From 1976 through 1983 he served 
as a consultant to this group on an annual retainer basis.) 

1971 - 1971: 

Research Chemist, Materials Research Laboratory, University of Illinois, Urbana, IL. Solved problems 
related to material\ characterjzatiori using mass spectrometry (SLVS and SSMS); mass spectrometry 
research. Studit.> i i ~ 1 u J e d  the self' diffuaion of silicon, crack propagation, hydrogen embrittlement and 
degredation of s~mthetic ceramic implants in teeth. Studies were also preformed in the area of 
e l e c t r o h ~ d r o d ~ , n a I i ~  ionization. 

PATENTS 

"Automated PCB Analyzer System", No. 4.931,921, July 13, 1990, Reviewer F and E.A. Burns. 

"Extraction of Organic Pollutants from Process Waters". No. 3,578,502, May 21, 1985, E.A. Burns and 
Reviewer F. (22 claims). 

"Methods and Apparatus for the Eleiiienral Analysis of Solids", No. 4,166,952, September 4, 1979, 
Reviewer F and C.\.l'. Hull. (10 claims). 

"Analytical Apparatus with Variable Energy Ion Beam Source", No. 4,016,421, April 5 ,  1977, C.W. 
Hull, T.W. V'hitehead and Reviewer F. (26 claims). 

PUB LI CATlO NS 
Reviewer F and <Co-author>, "Determination of Polynuclear Aromatic Hydrocarbons in Coal Tar 
Contaminated Soil at 1 ugkg", Hydrocarbon Contaminated Soils, Volume 5, P.T. Kostecki, E.J. 
Calabrese and M. Bonazountas, Eds., Amherst Scientific Publishers (1985). 

Reviewer F, "Deconvolution of Overlapping GC/MS Spectra", J Am SOC Mass Spectrom, 3, 558 (1992). 

RevieLver F and <Co-author>, "Establishing Destruction for Hazardous Waste Incinerators", in "Quality 
Assurance for Environmental Measurements", ASTM STP867, 1985. 



Reviewer F, <Co-author> and do-author>,  "Strategies for Compound Identification and Quantification 
Using Fused Silica Capillary Column GCMS", J. of High Res. Gas Chrom., 6,72  (1983). 

Reviewer F, <C;o-author>, <Co-authon, and <Co-authon, "Isotope Dilution Gas Chromatography Mass 
Spectrometry for the Determination of Priority Pollutants in Industrial Effluents", J. Env. Safety, 1, 8 

Reviewer F, cCo-autbon and cCo-au thor>, "Measurement Parameter Selection of Quantitative Isotope 
Dilution Gas Chromatography/*Mass Spectrometry", Anal. Chem., 53, 1907 (1981). 

<Co-author>, <Co-author>, <Co-authon, <Co-author>, <Co-authon, Reviewer F and <Co-author>, 
"Fused Silica Capillary Column GCIMS for the Analysis of Priority Pollutants", J. of High Res. Gas 
Chrom., 3,  366 (1981). 

Reviewer F and <Co-author>, "Determination of Priority Pollutants in Industrial Wastewater by Stable 
Isotope Dilution - Gas ChromatoEraphy/Mass Spectrometry", Advances in the Identification and 
Analysis of Organic Pollutants in  Water, L.H. Keith, Ed., Ann Arbor Science Publishers, Inc., Ann 
Arbor, hlichigan (1 98 1 ). 

<Co-author> and Reiriewer. F, "Reduction in Sample Foaming in Purge and Trap Gas 
Chromc?tn_rr3ph!.l~lass Spectrometry Analysis", Anal. Chem., 5 1 ,2  176 (1979). 

<Co-author>, Re7;ielver F and <Co-author>, "Gamma-Aminobutyric Acid in Ganglia and in Single 
Neurons from ,4pI!sia and Lobster", J. Neurochem., 33,967 (1979). 

Reviewer F and 40-author>,  "A Comparison of Calculation Procedures for Isotope Dilution 
Determinations Using Gas ChromatographyMass Spectrometry", Biomed. Mass Spectrom., 6,  225 
(1979). 

Reviewer F and <Cn-aurhor>. "A Highly specific and Sensitive Determination of GABA by GC/MS", 
Biomed. hlass  Spcctrorn., 5, 2 15 ( 1978). 

Revieufer F, "Mass Spectrometq: Instrumentatjon". Physical Methods in Modern Chemical Analysis, 
Volume 1, T. Kuwma. Ed., Academic Press, New York (1978). 

<Co-author>, <Co-author>, Reviewer F and <Co-author>, "The Hollow Cathode Ion Source: Sensitivity 
and Cathode Geometry". Anal. Chem., 48, 118 (1976). 

do-author>,  Reviewer F and <Co-author>, "High Resolution Ion Microprobe Mass Spectrometry of 
Complex Matrices", Anal. Chem., 47, 1532 (1975). 

<Co-author>, Re\.ie\ver F and <Co-author>, "Electro-hydrodynamic Ionization Mass Spectrometry - The 
Ionization of Liquid Glycerol and Non-Volatile Organic Solutes", J. of Mass Spectrom. and Ion Phys., 
15,291 (1973). 

Reviewer F and <Co-author>, "Electrohydrodynamic Ionization Mass Spectrometry", Advances in Mass 
Spectrometry, Vol. 6. p. 585, A.R. West, Ed., Applied Science Publishers, Ltd., Barking Essex, England, 
1974. 

Reviewer F and <Co-author>, "Hollow Cathode Ionization for the Mass Spectrometric Analysis of 
Conducting Solids", Anal. Chem., 46, 1236 (1974). 

Reviewer F and <Co-author>, "Electrohydrodynamic Ionization Mass Spectrometry", Anal. Chem., 45, 
1881 (1973). 

' (1982). 

' 



Reviewer F ar.3 <Co-author>, “Spectral Interferences in Secondary Ion Mass Spectrometry”, Applied 
Spectroscopj., 27, 271 ( 1  973). 

Revieiver F and <Co-author>, “Automatic Spark Gap Control for Spark Source Mass Spectrometry”, 
Anal. Cheni.. 33. 1263.( 1972). 

<Co-author> and Reviewer F, ”Precision of Electrical Detection Measurements of Powdered Samples in 
Spark Source Mass Spectrometry”, Anal. Chem., 44, 1206 (1972). 

<Co-author>, Reviewer F and <Co-author>, “On-Line Computer Controlled Electrical Detection in 
Spark Source Slass Spectrometry”, Anal. Chem., 44, 1203 (1972). 

RECENT LECTURES 

‘.‘Comparison of Results of PCB Determinations Usink HRGCLRMS and HRGC/HRI\4S”, 2 3 d  Annual 
Conference on ,4nal>Gs of Pollutants in  the Environment, Pittsbureh, PA, June, 2000 (Invited). 

“Sorption of Semi-Volatile O r p n k  Compounds to the 111ner Surface of Sample Bottles”, 2 3 d  Annual 
Conference on Analysis of Pollurltnts in the Enl.ironnient. Pitrsburgh, PA, June, 2000 (Invited). 

“Detectabilit>. of Senii-\.oIatile Pollutmts by GC/hlS virith Software Thresholds On and Off’, 2 2 d  
Annual Coi?frlri‘nce on .4nalj7sis of Pollut:ints in  the En\*ironment, Philadelphia. PA, June. I999 
(Invited ). 

“Initial lralidation of llethod 1668. Toxic PCBs by HRGUHRMS”, 19& Annual Conference on 
And\?sis  of Pollutanrs in the Environment, Norfolk, VA. May, 1996 (In\*ited). 

“Performance Evaluation Samplss”. 1995 International Chemical Congress of Pacific Basin Societies, 
December. Honolulu. HI. 1995 (In\.itt.d). 

“En\%-onnientaI Data Validation - Is There a Proble~n?”. 1s International Validation Forum Conference, 
Williamsburg. VA. hlay. 1995 (Invited). 

“Dioxin/Furan Analysis“, 43th ASMS Conference on Mass Spectrometry and Allied Topics, Atlanta, 
GA. May. 1995 (short course). 

“Seniivolatiles Analysis in the Real World”, 43fh ASMS Conference on Mass Spectrometry and Allied 
Topics, Atlanta. GA, Ma},, 1995 (short course). 

“Solid Plilihr lIicro-Extraction for the A~ialj~sis of U’asteLvaters”, 18‘h Annual, Conference on Analysis 
of Pollutants in the Environment, Norfolk, VA, May, 1995 (lnvited). 

“Volatile Organic Hydrocarbon Measurements”, 1s Annual Conference on Hydrocarbon Contaminated 
Soils: Expediting Cleanups, New Orleans, LA, January, 1995 (Invited). 

“Determination of Polynuclear Aromatic Hydrocarbons in Coal Tar Contaminated Soils at 1 ugkg”, 9a 
Annual Conference on Contaminated Soils, Amhersr, MA, October, 1994 (Invited). 



“Background Subtraction Techniques and Library Search ReIiability”, 13th International Mass 
Spectrometr). Conference, Budapest, August, 1994. 

“Designer GC/MS Data Systems”, 42th ASMS Conference on Mass Spectrometry and Allied Topics, 
Chicago, IL, hjay, 1994. 

“DioxinEuran Analysis”, 42B ASMS Conference on Mass Spectrometry and Allied ‘Topics, San 
Chicago, IL, May, 1994 (short course). 

“Semivolatiles .Analysis in the Red R’orld”, 42fh ASMS Conference on Mass Spectrometry and Allied 
Topics. Chicago, IL, May, 1994 (short course). 

“Isotope Dilution HRGCLRhlS Volatiles Analjrsis”. 17B Annual Conference on Analysis of Pollutants 
in the En\-ironnient. Norfolk. VA. ?clay. 1993 (Invited). 

“Solid Phase hlicroestraction for En\.ironmental Sample Analysis”, Pittsburgh Conference on Analytical 
Chrmiatr!. and Applied Syectro>cop>, Chicago, March. 1993. 

PRO FE S S IO P4 A L S 0 C I ET1 ES 
A mer i c an C he ni i c a1 S oc i e t y 
American Socier! for J lass  Spectrometry 
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Peer Review of PIdit for Asses:. rnerit of Detection arid Quaittitation 
Limits Under Sectioii 303(1i) of the Clean Water Act 

Reviewer A, Ph.D. 

1) The assessment approach is conceptually sound. The list of issues in Item 3 is 
sufficient. I have some comments below on what I think to be the most 
significant, high-priority issues. 

2) Here are some of what I think to be the most important criteria for lower limits of 
analytical procedures: 

a) Definitions should be consistent, scientifically meaningful, and 
statistically valid. For some specific comments on this issue, see below. 

h j  Procdures  that implement the definitions should be clear and well 
defined. The): should also implement the definition. 

c )  The data used to establish specific limits should be realistic. For example, 
if matrix effects are presumed to be important, then matrix spikes rather 
than reagent ivater spikes should be used. 
There should be no artificial Iimits. Each defined and implemented limit 
should be based on a scientific and statistical analysis of the true limits of 
knoutledge, not on preferences of involved parties for higher or lower 
Ic\.e!s. If L4.e can measure something and pro\.ide an estimated standard 
deviation. then we should be able to use the data in science and in 
regulation. 

d )  

-3 ) I bt.lis\.e rhlrr the EPA should rake a fresh look at all of the suggehred definitions 
and procedures. It is correct to evaluate suggestions from the scientific literature, 
from standards organizations, and from other organizations. However, it may be 
tha t  none of these procedures meets the criteria of 2 ) .  and meeting those criteria is 
far more important than precedent. 

3 )  ,I am familiar with some of the data sets proposed, but not all of them. Data sets 
for a procedure like this one should have several to many replicates at a number 
of concentrations from zero or near zero, to near the critical level (see below) to 
hish concentrations. 

5 )  It is better to develop selection criteria during the development of the project. 
Hon.e\.sr, possible criteria should be included in the plan. 



Other Comments 

The entire issue of lower limits of analytical methods is one that has been fraught with 
intellectual confusion, even when it has not been politically and economically 
controversial. The term “detection limit” has been used for a number of dissimilar 
concepts, and this has led to further confusion. For the purpose of this review, I will use a 
version of Currie’s terminology. 

The Critical Lerd is an observed value of the response (such as peak area) or 
equivalently, of the estimated concentration which would occur by chance in a sample in 
nvhich the analyte was not present only a specified fraction of the time, say 1%. AS with 
any such limit or level, it can depend on the entire analytical method, but is a well 
defined construct. This is the limit that tells the analyst when detection has occurred. 
Such detection is almost always quantitative, so long as there is a measured value and a 
st 2nd 21.d error. 

The hfirziriiririz Derecmble Qirnnfiry is the smallest true concentration of the analyte such 
that u.ith specified probability, such as 99%, the estimated Concentration after 
nieasuremenr will exceed the critical level. This level has no interpretation once 
measurement has occurred. It is useful for planning, but not for interpretation of existing 
me a 5 u remen t s, 

For r ~ a m p l r .  if the standard deviation at zero or a low level of an analyte is 2ppt exactly, 
then the critical level at 99% confidence is, using the normal percentage point, (2.326)(2) 
= 1.652. If the standard deviation is estimated, say by a sample of 7 replicates, then one 
Lvould use the t distribution with 6 degrees of freedom so that the critical level would be 
(3.113)(2) = 6.286. Using the latter value for illustration, the practical use of the critical 
1 2 \ d  of about 6ppt is that any measured concentration exceeding that demonstrates that 
the analyte is present in non-zero quantities. If we have a measured value of Sppt, for 
example. then the standard desiation (assuming that i t  is constant over the range) is 2ppt, 
so a 95% confidence interval for the true concentration is (using the t distribution again) 
is &PPI 2 (2.417)(2)ppl or approximately (3ppt, 13ppt). This is a quantitative assessment. 
\+’e know the true concentration to within Sppt, which is pretty accurate. The coefficient 
of variation (2/8 = 2 5 % )  is not a relevant measure as to whether’we have a quantitative 
measurement of the concentration. 

If we use 99%/1% also for the minimum detectable quantity, and if we assume that 
uithin the range up to this level the standard deviation of measurement is approximately 
constant, then the minimum detectable quantity is twice the critical level. In the case 
illustrated above, this would be twice 6.286, or about 1 lppt. This value of 1 lppt might be 
a good spike concentration for quality control, because it should almost always generate a 
detection sisnal. However, it provides no information useful in interpreting a measured 
value of, sap, 8ppt. 



Glaser et al. ( 198 l), along with many others, have seriously confuse? the issue. Consider 
the oft quoted definition of the MDL: LL.. .the iniiiiiiiuin coiiceiitratioii of a substance that 
coli be identified, nieasured, arid reported with 99% coiifjdeiice that the analyte 
coiiceiitrutioii is greater tlinn zero ... ” The first half of this definition refers to an actual 
concentration, like the minimum detectable quantity, but the second half treats it as a 
measured value like the critical level. Clearly, we understand this better than we did in 
1981. What the MDL estimates is the critical level, which is the threshold of detection, 
and i t  therefore should not be described as an actual concentration. 

EPA should use the review that they are engaged in to clarify these issues, and to provide 
1ou.er limits that are scientifically and statistically valid. In the first place, this means 
disrijnguishing carefully between the critical level and the minimum detectable quantity, 
and specifying when each one is to be used. 

Another issue that deserves a hard look and a scientific analysis is that of the so-called 
l i i n i t  of quantitation. For an analytical measurement to be quantitative, there are two 
requirements. First, there needs to be an estimated quantity produced by a known 
analytical procedure. Second, there needs to be an estimate of the precision of this 
measurement. Modern metrological techniques (Rocke and. Lorenzato 1995; Zorn, 
Gibbons. and Sonzogni 1997) can provide the precision estimates at all measured values 
of an an;ll!.te. Thuh. any measured value by a calibrated system is quantitative, and there 
i.4 no such thing as a limit of quantitation if i t  is defined by standard deviation, coefficient 
of variation and the like. The only scientifically valid definition is akin to the original ML 
of 1984. If the instrument cannot produce a number, then we are below the limit of 
quantitation. This \vi11 usually be because the peak cannot be identified that should be 
inre_sratsd to produce the estimated concentration. 

The procedures pro\.ided by EPA and the questions to be examined u 4 l  be sufficient to 
deal n.ith these and other issues. so long as the attention is focused on scientifically and 
statistically valid methods. This review provides an opportunity for EPA to clarify these 
\rexed issues, and proyide unambiguous, practical, interpretable, and valid methods for 
lon.sr l i n i i ~ <  of m;llytic~il Inethods. 

The plan itself seems comprehensi\7e and well thought out. A11 important issues will be 
considered in the process. Of course, the most important proof of the soundness of the 
plan for assessment i j3i  be the product of the assessment to follow. At this stage, I 
belie1.e that EPA has provided a procedure that can address all of the facets necessary to 
produce a scientifically and statistically valid re-examination of the issue of lower limits 
for analytical measurements. 
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Review of Plan for the Assessnient of Detection and Quantitation Limits 
Under Section 304(h) of the Clean Water Act 

. .  Reviewer C 
General coninients 

I th ink  the plan is very thorough, \vith the various events called for touching on many important issues, 
and I can't find anything that seems to have been overlooked. The issues considered deal with the legal 
aspects of the situation, and also wifh doing good science and searching for a reliable MDL determination 
procedure. 

Response to questions in the technical charge 

I E\.aluate the conceptual soundness of the assessment approach presented in the study plan. Is the list of 
issues included in  Item 3 of the study plan sufficient? Are there other significant issues that EPA should 
add or delete? HON should the EPA prioritize the issues? --- Events 3 through 8 give chief steps in the 
ah~essment approach \$,hich is proposed. These seem to thoroughly cover many relevant issues. Key to the 
asses9nwnt plan is Event 3, since so many important issues are identified. Giving adequate attention to 
thtw i%>ui"\ up front should help to insure that the key issues are understood so that careful choices can be 
made before tlis evaluation and selection begins. I can't think of an>.thing to add to the list for Event 3. At 
t h ?  \:tin-'  tini-;-. I'd be hesitant to delete aiything at this point, although I think that i t  \+,ilf be the case that 
some is5w.s will be found to bz not n?arl!' as complex as other issues, and that these simpler issues can be 
atldrt.ssed someu.hai quickljr. 

\\'it11 rc.;ard to prioritizing the issues listed for Event 3, items a, b, f, and o seem to be important and may 
also require more time than some of the other items. However I suspect that at least some parts of the 
litsrature re\.ieu are uell underway (or complete). Still, i t  wi l l  be very important to take the results of the 
literature rr\icu, and carefully organize and summarize the material (as opposed to Just providing a 
length> listing of issues and proposed methods), and this may prove to be a rather difficult job. Item f 
d?al\ \\.it12 the  c\periniental design of the studies that will be performed to test various methods. This 
secms to be a very important part of the overall plan, since the design should take into account many 
important issues thst  3re identified in conipleting the many other items of Event 3. O\txall, it seems that a 
large-scale and carefully performed experimental comparison of a good number of well selected methods 
n i l l  be hoii orif finds out which niethods are the most accurate. Since time and resource constraints 
alw.,a> s tend to limit the size of studies that are to be performed, it is important to use a good design in 
order to produce the most effecti\.e results. Items b and o touch upon legal and regulatory concerns, and 
thus ma}. be somewhat complex. 

Important items which might not be so time consuming include items e and i .  Item e deals with the 
de\,elopment of de.tection/quaniiration procedures based on statistical tolerance and prediction. Item i ,  
which calls for consideration of false positives and false negatives, shouldn't take much time, but i t  is of 
ths  upmost importance since the definition of MDL utilizes the probability of a false positive. False 
negati\,es are also important, since they are cases where contaminants are present, but a nondetect is 
recorded. Since false results are. such a key issue, i t  will be important that they are carefully considered 
when the experimental design is de\*eloped. For example, if the false positive rate is io be controlled to be 
no greater than 0.01, then a large number of trials under the null hypothesis condition of no analyte 
present nust be performed to accurately assess whether or not the false positive rate is adequately 
controlled. Also, one needs to carefully consider the various ways in which hypothesis testing can be used 
in  the assessment. If the null  hypothesis is taken to be p <= 0.01, where p is the probability of a false 
positiie resulting from a particular h4DL method, then one has to keep in mind that a failure to reject does 



not provide statistically significant evidence that p <= 0.01, since a failure to reject ccj.ild be due to low 
p m e r ,  resulting from too fe\v experimental trials. To truly protect against a method having a false 
positive rate exceeding 0.01, one may wish to make p > 0.01 the null hypothesis and p <= 0.01 the 
alternate h\,pothesis. It can get to be a bit confusing, since there are two different null hypothesis 
situations (at two different levels): the null situation of no analyte present, for which we are concerned 
about the false p0sitiL.e rate of an hgDL method, and the null  hypothesis that when no analyte is present, 
the false positive rate is greater than 0.01, in which case a type I error would be a claim that the rate is 
less than or equal to 0.01 byhen in fact i t  is not. 

M'hile 1 do not think that items c, d, and m are by themselves unimportant, I do think that it's important to 
vie\s. them as beins linked, and to kkep in mind that the main concern is to determine which methods for 
determining the MDL have the greatest accuracy, and not which methods and models are best for a 
particular stage i n  the overall determination of the MDL. This is particularly true if the model upon which 
a method is based is only a loose approximation of reality, in  which case the interpretation of parameters 
may be viewed as being rather fuzzy. In the end, it's whether or not a particular method is reasonably 
a c c u r ~ e  --- vieu.in2 the perforinance of the o\eIall method, and not examining too closely each of it's 
component<. Rather than spend so much time on model selection and assessment, and parameter 
estimation, i t  ins!. be better to put more resources into the testing stage, and thoroughly test a large 
niiniber of methods u.hich have been proposed by others. However, I do think that some thought can go 
i n i t )  pa~~iiiicter e4tiination. For example, if one is uncertain about how' to idcntify and handle outliers, one 
could replace the commonl!~ used sample standard deviation (it's used in Method 163 I B) with a more 
r 'obai  iiiea3ure of scak. Btrt ap in .  it's important to keep in mind the oirerall goal of finding an accurate 
\$'a!' to determine the hlDL. It's not so important to know \s*hcther or not a robust measure of scale is a 
hc.tt;.r t'.tiiii;itor in  the traditional w ? c c  of estimating a true distribution parameter accurately. Rather, 
\\ .hat  i i  iinportant is finding out \s.hether or not replacing the sample standard de\-iation with a robust 
i1xJXui-c impro\.e> the performance of the overall determination of the MDL. Fortunately, in  some cases, 
u3ing alternati\ e estimators. i n  addition to the one orisinally proposed for use with a particular method, 
\\ on't require that additional observations be made, but will only require that alternate determinations of 
the 3IDL be made wing the same set of data. 

3 )  Ba5ed on !'our understanding of the issues, are there types of criteria that you suggest €PA include to 
eiduate detection and quantitation procedures? If yes, please identify the criteria and provide rationale 
for it's inclusion. --- I t h ink  that the main focus should be the probability of a false positive result in the 
nu l l  case of no analyte present. This probability should be as close as possible to the allowable limit (say 
0.01 I \i i r h w t  _r;lin; o\.sr the liinit. Il'hile exceeding the limit is particularly bad, since false detections 
could result in lausuits and also contribute to a lack of confidence in water quality studies, being too far 
under the limit. nrhich results from 31DL determinations that are larger than they need to be, hurts the 
power of the method to detect the analyte when it is present. Alternatively, and perhaps nearly 
eqiii\~alsntly. one can vie\+. the situation in  terms of both false positives and false negatives, with a goal 
being to find the method with the smallest false negative rate that also satisfies the false positive criterion. 
The trouble \+.ith this approach is that the false negative rate will almost surely depend on how much 
a n a l ~ ~ e  is present. and one method may be better than another at low levels while the opposite is true at 
highsr Ie\,eIs. (Putting it i n  statistical terms, there may not be a uniformly most powerful test.) 

It should be kept in  mind that the methods will be used in a variety of settings, and so the null situation of 
no analyte present should be tested with a variety of water sources. If one observes differing false positive 
rates for the \,ariety of water sources (all having no analyte present), then rather than average all of the 
obserwd false positive rates, I think it may be prudent to focus on the highest value and require that it 
satisf!. the false positive criterion, since one will want to believe that the false positive rate limit is 
adhered to no matter what the circumstances (within reason) may be. 



In addition to focusing on the false positive rate, which is tied to the definition of the MDL, I also think 
that the MDL values from the various methods investigated should be compared to an estimate of the 99th 
percentile of the null distribution, by which I mean the distribution of determinations obtained in the case 
of no analjste present. It seems to me that the 99th percentile of this distribution could be viewed as a 
value for the MDL. Using any value less than this 99th percentile as the MDL would mean that if no 
analjste were present, the probability of obtaining a measured concentration greater than the MDL would 
exceed 0.01, and thus violate Glaser's definition (which is also the definition given in Appendix B to Part 
136). To estimate the 99th percentile of the null distribution, a simple nonparametric quantile estimator 
could bs used (M'ith the choice of estimator being dependent on the shape of the distribution and the 
nuinber of observations (where here each observation is a determination of the concentration of analyte 
from a sample in  which no analyte is present)). It should be kept in  mind that in order to get a decent 
estiniat? of the 99th percentile of a distribution, it may take several hundred Observations. So this method 
of determining the hlDL may b? impractical for ordinary use. But perhaps i t  can be used as a spot check 
in  at least a small number of cases. 

I thinh claims made i n  the literature about various methods should not be used to judge them, since 
pre\.iou in\eatifations of accuracy nere not done the same way for all of the methods. Instead, the 
di.tel-niination of the ninst reliable methods should be based on the results of a large well-designed and 
propsrl! executed experiment (or series of experiments). 

FinLtll!. with r ep rd  to,criteria. some weight has to be put on simplicity and ease of use. The method(s) 
selected \vi11 be used by a lar_re number of people, and some will be more skilled than others. 

3 I i\.har existing detection and quantitation procedures should €PA evaluate or focus on? Procedures 
f r o m  (hi. open literature'? \'oluntar}. c o n w m s  standards procedures? Procedures from other 
or_ranizarinns? --- Of course. methods currently used bj, the EPA, such as Method 163 I B, should be 
insludcd. I n  addition, I'm in favor of including se\,eral promising methods that are to be identified from 
the open scientific literature, as well as perhaps a small number of alternate procedures that are used by 
other organizations, provided that some justification can be found for them other than that they are 
sometimes ussd. (I  fear that sometimes a method can become popular for no real good reason. One 
orsanization ma) select a method for use sonxwhat haphazardly. and then another organization can pick 
up the mstlmd just became others have used it. Since methods are sometimes selected based in part on 
political ccmsiderations. or concerns about practicality that may not be pertinent in all cases, I tend not to 
git.e a lot of \$.eight to the popularity of methods, and I'm much more impressed by studies, performed by 
people other than the originators of the method, that demonstrate that a method is reasonably accurate.) 

Methods from the literature are nice to consider, because as time passes, refinements seem to be made 
upon prel iousl} proposed methods, and one can be hopeful that the class of methods that get the most 
attention of this sort are the ones that perform best, and thus hope that recent papers giving the latest 
adjuhtments to an established general scheme will include some that are (near) state-of-the-art. Of course, 
one has to be wary of authors who are too eager to publish and develop a small adjustment in  hope of 
getting a quick and easy publication. Also, since many published methods seem to be highly derivative of 
p r ~ \ ~ i o t i ~ l ! ~  published one\. there might not be enoush varieiy found in the literature and so one may want 
to consider other sources. 



b ' i t h  regard to identifying alternate methods from thL literature review, I think that the 1998 
memorandum from Raphael Kuznetsovski of SAIC should be of great help. There are 27 papers and 
books described in the method detection limits and quantification section. The summaries provided for 
each of the 27 can be used to narrow the focus to perhaps a dozen or fewer key entries worthy of 
careful consideration. In general, I recommend examining recent articles, slightly older articles from the 
chemistry literature by authors who are well established in  the field, and also articles from the statistical 
literature in order to perhaps gain a slightly different perspective. 

I'll now make some brief comments about some of the works described in the SAIC memo. (Since 
complete citations are provided in that memo, I won't duplicate such information here.) Several of the 
papers pertain to the Hubaux and Vos approach: the original 1970 paper, the 1978 paper by Bayley, Cox, 
and Springer, and the 1997 pape; by Coleman, Auses, and Grams, with this last paper being by far the 
most recent of the three, and perhaps worthy of a close look. Gibbons has written a lot of pertinent 
articles. and J t h ink  several of his \vorks should be studied, particularly those which compare various 
methods. like his 1991 book. Similarly, Currie has Lvritten a lot, but some of his work is rather dated, and 
soiiie of i t  deal.; with related issues and not particular methods. But his 1997 paper may be of interest, 
since i t  touches on assumptions and approximations. Da\*is' 1993 article, thc 1991 paper of Lambert. 
Peterson. and Terpenning. and thc 1997 paper of Spiegelnian and Tarlow are examples of works from the 
statistical literature that could be of interest, and the 1987 paper of Clayton, Hines, and Elkins and the 
19% pnpzr of Garner and Robertson are papers from the chemical literature that could be considered, 

11. it11 the later paper of'particular intereqt since i t  touches on the issue of asshmptions. 

Findl>. I t h ink  th;it i t  \ \ , i l l  be important to consider variety with regard to the complexity of the methods 
tx chosen. It might be good to include some simple methods in addition to those with are rather 

in\.nl\ed. Not on]! a x  the more complex methods more difficult for some to accurately use, but it may be 
the c a w  that some of the simpler methods could outperform some of the complex ones, due to poor 
a\\ump?ion5 undzrl~,inf some of the methods. 

?,I Are the data sets listed in th2 plan appropriate for use in the detection and quantitation reassessment? 
Are there other data sets that you recommend €PA evaluate? --- Based on my rather limited knowledge 
abnut thc. dxn set \  referred to. the! do seem appropriate for use. At this time, I don't have any other data 
sets to recommend. Ho\ve\,er. it may be good to produce some new data for this important study, since 
e\i.xtins ddtd ma! nor be ideal. 

-5)  1. i t  apprsprixt t i l  include specific a?lectioii criteria in the plan or is i t  more appropriate to develop 
selection criteria based on the analjrsis of issues that will be conducted as part of the plan? --- I believe 
thal i t  i 5  bstrer to firin ~ € 7  the sslection criteria as the study progresses, thinking that people will develop a 
better understanding of the issues as they put more thought into them. Plus, instead of specifying the 
critsria up front. it ma)' be better to u,ait and see what happens and then examine the pros and cons of the 
\ xious  methods \vhen .making specific comparisons. 

Spccific coninients 

In  the schedule given on page 12 some events seem out of sequence. From pages 8 and 9 it seems as 
though E\.ents 5 and 6, which deal with evaluation and reassessment, should follow Event 4, which is 
criteria development. and this seems sensible to me. Yet on page 12, it appears as though Event 4 lags 
behind E\.ents 5 and 6. 



New i n form a t i on 

This doesn't pertain explicitly to the 12 page plan. But in  rei.ieu.ing supplementary material that was sent 
to me along Lvith the plan, I noticed a few typos in Appendix B to Part 136. The most serious mistake is in 
par1 (b) of Step 7. If the ratio of variances is less than 3.05, then one Lvould compute the pooled standard 
deviation. So the first >3.05 should be c3.05. (One can check this in  the original description of the 
method given in the 1981 paper by Glaser, Foest, McKee, Quane, and Budde.) Less serious are two minor 
typos: ( i )  below the sum at the bottom of page 2 i t  should just be i = 1, not i = IS; (ii) on the 3rd line of 
page 3, S should be replaced by a sigma. 

I'll also comment that I'm a bit suspicious of Method 136B. The justification given fcr the approach in  the 
paper by Glaser et a1 makes use of assumptions and approximations. Since the final formula given for the 
MDL doesn't seem quire right. I \yonder if perhaps too many assumptions were made along the way. 
Also. distribution skewness could harm the accuracy of the method. 

References 

I don't ha \  2 an)' additional rcference5 to suggsst. 
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Re\:iew of "Han for the Assessment of Detection and Quantitation Limits Under 
Section 303(h) of the Clean Water Act 

Revienrer E, Ph.D. 

General Comments 

The "environmental chemistqt" community has been using the Fed. Reg. MDL method for about 
10 years to demonstrate detection limits. I feel this is an acceptable approach. 

Each EPA method should include a statement about the range of MDLs that have been 
demonstrated during t h t  ~a l ida i ion  of the method. Each EPA method should state that any lab 
using this mcthod niust denionstrate their ou*n hlDL, which may be higher or lou.er than the 
range mentioned in the method. 

Thi. labs can inform their "clients" :bout their 1ah MDLs and the "environmenral chemistry 
m x k s t "  v.ill drive these JIDLs. If a resulation requires low detection liniit then labs u.ill be 
moti\.ation to denionstrate the needed h4DL. 

,41101hi.r decision €PA needed to make is to define the factor that is used to convert the h4DL to a 
R2p1-111~; Limii. 01' \ \hat  e\.er!. i t  \+.ill be called. For example if the RL or ML is defined as 3.18 
timi.\ t h t  hfDL then e \ t x ~ o n e  could understand and use i t  e\.en though they may not agree. 

Spccif'ic comments 

The onla. document that \$'as sent that I ha ie  any comments on is the 12 page "Plan for the 
A s w s m e n t  of Derection and Quantitation Limits Under Section 301(h) of the Clean Water Act, 
d;tred 13- 10-200 I .  The other materials are fine. 

Pa:< 1. Sr'ition i i .  hlethod De\.elopnient and Promulgation 
I stronplj bslie\.e that d e t m i o n  limits should not be cast in  stone when the method is 
promulgated. The DL's often improve radically as labs heconie more proficient and 
improi.ements are made to techniques. I have experienced clients and regulators who flag data as 
belou the DL hecauce it  is below the 3lethod-specified DL but nrell above our achieved DL! 

Pa_cs 5 Section vii. Descripti1.e versus Prescriptive Uses of Lower Limits to Measurement 
I am \'cry much in agreement with this statement which I assume means that the detection limit 
can change depending on the measurement method and the proficiency of the Lab. 

Page 6 Section j. 3leasurement Quaiit). OLser the Life of a Method 
1 a g e e  ivith this statement that the measurement quality will usually improve over the life of the 
mtlthod. This is a very important issue and therefore the DL for a method should be allowed to 
change as the equipment and analyst change. 



Page 7 Sectioi, m. Outliers 
Ths term "outliers'' is confusing as used in the statement. My understanding of outliers are data 
points that can be separated from the other data points with a statistical test called an "outlier 
test". There should be an acceptable procedure to determine when data is not appropriate to be 
included in an MDL. 

Page 8 Section t .  Cost to Implenient Limit Procedures 
A procedure for developing "theoretical MDL's" for solids, such as sediment and tissue, based on 
liquid 3fDL's should be explored. For example a true h4DL for mercury in fish tissue can not be 
experimentally determined because all fish tissue has relatively high levels of mercury compare 
to the senGti\.it!. of the method. Ho\ve\.er, using ivater derived hlDL it is possible to calculate the 
h3DL for f i h .  This situation is true for many metals that are naturally abundant in sediment, soil 
and ti  s u e .  

Response to questions in the technical charge 

(I ) E\.aluate the conceptual soundness of the assessment approach presented in  the study plan. Is 
tiis l i i t  of i i t i e h  included in Item 3 of the stud). plan sufficient? Are there other significant issues 
rhat EP.4 ~ h ~ ~ i l d  ;dJ'oI dillzte? Hoisp should €PA prioritize the issues? 

I I h i n L  rhc. Pian is sufficient and u m l d  prioritize the need for MDLs that are performance driven 
by the liib.4. EPA onl!, proxvides some guidance with ranges of MDLs in a method. 

( 2 J  B ~ w d  on !.our understanding of the issues. are there any types of criteria that you suggest 
EPA include to e\.aluate detection and quantitation procedures? If yes, please identify the 
criti.~-ioii and pro\-ide a rLi!imals for its ii~clusion. 

I do not ha\ie any criteria in mind. 

( 3 )  M'hat existing detection and quantitation procedures should EPA evaluate or focus on? 
Pro<i.Jiirs fro111 rhi. ope11 scientific literature'? Voluntary consensus standards procedures? 
P r oc e d u re s from other or2 an i z at i on s ? 

1 think EP.A bhould f'ocub on the A'IDL approach and the detection h i i t  should be performance 
dri\.en. E x h  lab should de\.elop their o\xm MDLs and the EPA method should provide some 
examples and some expectations for each analytes and matrix but let the labs demonstrate their 
o\vn MDLs. The "market" will then drive the hlDLs. If there is a need for more sensitive MDLs 
then the successful labs \vi11 improve their MDLs. 

(1) .4rc the data sets listed i n  the plan appropriate for use in the detection and quantitation 
rea.s.scssinent? Are there other data sets that you recommend €PA evaluate? 
I a111 an.are of hlDL data sets for the MDLs in method 1638 that could be evaluated. 

( S i  Is i t  appropriate to include specific selection criteria in the plan or is it more appropriate to 
de\.elop selection criteria based on the analysis of issues that will be conducted as part of the 
plan? 



I th ink  the selection criteria should be i n c l ~ ~ ~ j e d  so each lab demonstrates their MDLs by analysis 
of replicate samples of actual field samples , either spiked or unspilied depending on the 
Concr'nti-;tPion in the niatrix. €PA nwuld pro\.ide the guidance in terms of number of repIicates. 
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Review of: 

Pian for the Assessment of Detection and Quantitatiori Limits Under Section 
301(h) of the Clean M’ater Act, Dated December 10,2001 

By : 

Reviewer F 
January 23,2002 

Prepared for: 

Yersar, Inc. 

Thik r-s\.is\t-er has i-ead 2nd rei-cad these documents. The second parasraph of the Charge to Peer 
Re\,ie\\ Pcm1 reqimrs  an opinion regarding the \.alidity of the Plan and the likelihood that it \vi11 result 
i i i  ;iii “ob-jccli\.s ai;J u.\?Iiil Lts\t.wiisii[ of dttsction ( l i m i t ’ )  and qumtitation (limit) procedures”. None of 
the fi1.e Questions to Peer ReL*ie\x.ers (included in the Charse to Peer Re\rieu*ers) address the purpose 
inciicctrd i n  111s Pldn’h ii~iroductinn as the rczson the plan \+‘as ds\,eloped. naniel>~, responding to Clause 
6 of the settlement apeement .  In addition. onl), the Plan document identifies hlethod 1631B; the other 
docuiiIi.nt\ 5eeiii to addi-clis EP.4 methods in general. Consequentl!.. I n41  tq. to address all the review 
consider-arionh startins uirh the Plan. 

2 Piail for  (11s A\\eh\ment of Detection and Quantitation Limits Under Section 301(h) of the Clean 
u7ater  ,Act 

The Pl~in identifies 4 key items associated Lvith satisfying the requirements of Clause 6 of the settlement 

the reassessiixnt; External reirie\xr of any alternate procedures €PA has under consideration; and 
Proposal of re\.ised/alternate procedures, if u*arranted. This is to be accomplished by the end of 
February 7003. To this end, EPA has established a series of tasks and milestones leading up to the due 
dare. Although not specific all^^ stared. it  is presumed that a document will be generated u.hjch addresses 
the four item!, in Clause 6. Also, because Method 163 1 B is cited in the Introduction along with Clause 
6. i r  is 3ssunied that the Plan document is intended to address only this method. 

EPA h x  organized this effort into 16 tasks/milestones that are identified in a chart on page 12. The first 
nvo tasks have been completed. the resulting output being the documents under review. The 
orpanizlition of the remaining tasks, ho\+.ever, is somenfhat confusing. First, there seem to be six first- 
draft reports. excluding the Federal Register Notice, plus two second-draft reports. I suspect these are 
sections i n  the final report document but this is not clear. It appears that the drafts are assembled into a 
single report as the interim. and only milestone, of Task 9. External Peer Review is then preformed over 
3 three-month period shoivn as Task 10, starting in May of ‘02. Final selection of the “Recommend 
Option“ takes place as a niikstone (task 9) after External Peer Review is complete. 

acr<<1~>c!;: Ti-, j.i arc‘. R ; ; . , : ~ \ ~ ~ s m s n t  of EP.A.5 rxi\rinz AIDL and ML procedures; External review of 
c 



Holyever, even though the report has been sent out for external peer review, development tasks (Tasks 3, 
4 and 7), evaluation tasks (Tasks 5 and 8). and the reassessment task (Task 6), continue to run on 
through Feb '03. Consequently, i t  appears that the material de\.eloped in  these tasks after April '02 will 
not be subject to external peer revievr:. This appears to be inconsistent with the requirements of Clause 
6. Further, u.hy should these tasks continue past the time the Rscommended Option has been selected? 
If the tasks continue does that mean some other Option could replace the one identified in task 1 l ?  

In addition. some of the tasks identified in the Plan do  not appear to be clearly related to dealing n.ith the 
four points of Clause 6. The first point of Clause 6 is addressed by Task 6, the second point by Tasks 9 
and 10, the third point by Tasks 8, 9 and 10, and the fourth point by Task 7. Tasks 1 and 2 were used to 
create the documents reviewed hef. That leaves Tasks 12 through 16, which appear to be EPA 
adrninistrati\.e issues that must f i t  into the time line prior to the completion date. If this is the case, it is 
difficult to understand ho\v ths development, e \duat ion and reassessment tasks identified above could 
continue Lvhile €PA is writing a Federal Register Xotice (Task 12), the Agency is re\4ewing (Task 13) 
and 031B is re\.ie\\,ing (Task 14). 

At the end of the Introduction to ihe Plan, there is a statement that the "document contains the detailed 
plan for the ~ ' t ' a s s e z ~ i n ~ n t  called for in Clause 6 . . .'.. In fact the Plan contains very little detail. The only 
thing that conics close to detail is the listing of ''issues'' that are part of Task 3. There is no description 
of t h s  processes and/or criteria' tha1 u.ill be used in the reassessment. EP.4 should identify the specific 
criteria that \s.ill be used to select the most appropriate mechanism(s) for determining detection limit(s) 
mci /cTr  q~i;::;:i:~tIoii liniiriti. I f  this is no[ done up front, i t  may appear that EPA first selected 
mechanisms. tlisn creatsd -jubtification to support them. This is \vhat Clause 6 seems to be trying to get 
a13.a) from. 

Pi-e~ui i i ; lbI~~ thr pcopls i~i\~ol\.ed ha1.e the skills and knowledge, and EPA \vi11 allow them the time and 
pro\.ide the resources. needed to do the job. Cnfortunately there is no way to assess this based on the 
Plan. EP.4 idenrifies a "Core II'orkgroup consisting of measurement analysts and statisticians within the 
Office of Science and Technology" hut does not provide information on their background or experience. 
The s~ icce \ \  of this pi'qjrct \s.ill dcpsnd on the people involyed. so this is critical information. 

The Plan indicates that Episode 6000 data will be reviewed. Are these the only data that will be 
re\.ien.ecrl'? Arc these data ;I\<ociiited \ L . i t h  Alethod 1631B7 Are there other data that could be used in 
addition? If so. \\ . i l l  they be used or excluded? 

In suriimary. it is very difficult to see how this Plan will result in EPA being where they want to be when 
the). vr.ant to be there. They may succeed, but working to this Plan will not be the reason for their 
success. 

3. Charss to Peer Reviewers 

The approach described in the Plan does not contain sufficient detail to determine whether or not it is 
valid. Ncither does i t  contain enough information with respect to how the assessment will be done to 
determine the likelihood that it \vi11 be objective and/or useful. It is also not clear whether the Plan is 
intended to address only Method 163 1B or EPA methods in general. If it is EPA methods in general, the 
n i ap i tude  of the job is much, much greater and it seems unlikely that a valid technical effort could be 
conducted in the timefranie identified. 



4. Response to Specific Questions per the Requested Format 
a. General Comments and impression of Scientific Merit 

The Plan is too vague and lacking in technical detail to generate an assessment of its scientific 
merit. 

( 1 )  Conceptual soundness cannot be evaluated due to insufficient detail. 
b. Response to Specific Questions 

No description is 
provided on what parameters and/or criteria will be used to assess methods for identifying 
detection limit or quantitation limit. If one techniquelmethod is to be better than another, 
what makes it better? 

( 2 )  €PA has not provided a single criterion for performing this evaluation. Without some idea of 
what they are planning to do, it is not possible to suggest alternatives. 

( 3 )  I believe the charge to EPA is that they look at all existing procedures, see if they can come 
up with any new ones and then, with some predefined rational, pick the best one. This 
sounds like a justifiable charge. If the intent of this question is to determine if I have a 
favorite that I want to be sure is on the list, I do not. 

(4) ‘There is only one data set identified in the Plan, Episode 6000 data. If these are mercury data 
deri\red from Method 1631B, they are appropriate for that method. However, because I 
haven’t seen them, I don’t know. However, I would be surprised to hear that Episode 6000 
data are applicable to all EPA methods. If they are, how u’as this determined? I know EPA 
has other data associated detection studies because I’ve seen EPA statisticians present them 
at Iwious technical meetings. Also. based on the references identified in the memo to Chuck 
Vi‘hite from Raphael Kuznetsovski, it would appear that there are a number of other data sets 
oursjde €PA. Perhaps the authors Lvould be willing to share them. What I’m not sure of is 
lvhether or not the Plan is intended to address other EPA methods. 

( 5 )  It is not just “appropriate” to include specific selection criteria, it is essential if an objective 
assessment is to be conducted. Otherwise there is the specter that EPA has simply selected 
criteria that support the conclusion(s) that that they wish to make. This is likely to be 
obz.ious to the plaintiffs in  the suit against EPA. 

c. Specific Comments/Recommended Changes 
There are a few typos, judgment is misspelled, and Task 16 on page 10 should identify 
Dccernher 2002, not 2001. It‘s not the nits that need to be addressed, it’s organization and the 
lack of detail. 

d. S e u  Information 
Sone .  

e. Additional Reference Materials 
Kone. 


